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INTRODUCTION 


In  order  to  estimate  the  technical-economic  effectiveness  of  a  piece  of 
machinery  on  the  drawing  board,  we  need  a  comprehensive  analysis  of  its 
economy  in  the  area  of  production,  performed  by  means  of  comparison  of  the 
cost  of  production  and  wholesale-release  price  of  this  machine  with  the 
cost  of  production  and  wholesale-release  price  of  the  most  modern  equipment 
of  similar  function.  We  also  need  an  analysis  of  the  economy  of  comparable 
machinery  in  operation,  performed  by  comparing  their  productivity  and 
operating-maintenance  costs.  One  analysis  element  is  determination  of  the 
allowable  (maximum)  cost  and  maximum  machinery  price,  and  their  comparison 
with  calculated  figures  obtained  on  analogous  indices. 

Figure  1  contains  the  sequence  of  technical-economic  analysis  of  a  newly- 
designed  piece  of  equipment  in  consolidated  form."^ 

It  is  expedient  to  represent  the  job  of  analyzing  the  effectiveness  of  the 
newly-designed  piece  of  machinery  (unit,  assembly,  part)  in  the  form  of  a 
critical-path  model,  since  such  a  model  makes  it  easy  to  trace  by  event  numbers 
both  the  sequence  of  task  execution  and  all  their  interlinks. 

Figure  2  contains  a  detailed  diagram,  in  the  form  of  a  critical-path  model, 
of  the  sequence  of  technical-economic  analysis  of  machinery  design,  while 
Table  1  lists  the  events  and  tasks  contained  in  the  analysis.^  For 
example,  calculation  of  annual  depreciation  allowance  (operation  16,  18) 
cannot  be  performed  until  the  machinery  wholesale-release  price  is  cal¬ 
culated  (operation  15,  16),  as  well  as  productivity  (task  0,  4  and  func¬ 
tion  4,  18)  for  many  kinds  of  machinery,  such  as  transport  equipment. 

The  form  of  the  model  depicted  in  Figure  2  may  change  somewhat  in  different 
calculations.  For  example,  relation  16,19  will  prove  unnecessary  if  cal¬ 
culations  of  annual  expenditures  on  operation  and  maintenance  are  performed 
not  by  utilizing  a  specific  standard  percentage  of  the  wholesale-release 
price  of  the  machinery.  The  critical-path  model  fragment  from  0  to  the  15th 
event  can  be  presented  in  the  form  of  a  single  operation  if  machinery 
production  cost  calculations  are  performed  on  the  basis  of  utilization  of 
its  specific  relationship  with  the  specifications  and  production  parameters 


1 


Figure  1.  Block  Diagram  of  Technical-Economic  Analysis  of  a  Newly-Designed 
Piece  of  Equipment  (the  Dotted  Line  Indicates  the  Relationship  Between 
Size  of  Depreciation  Allowance  and  Wholesale-Release  Price) 

Key  to  figure:  1  —  technical-economic  analysis  of  designed  equipment;  2  — 
production  sphere;  3  —  operation  and  maintenance  sphere;  4  —  determination 
of  cost  Sjj  and  wholesale-release  price  of  newly-designed  equipment;  5  — 
determination  of  productivity  of  newly-designed  equipment;  6  —  determina¬ 
tion  of  operating  expenditures  for  fuel  or  power,  lubricants,  minor  repairs, 
depreciation,  operating  personnel  wages,  etc,  and  total  expenditures  S'gj,  ; 

7  —  comparison  and  analysis  of  cost  S^,  Sq  and  wholesale-release  prices 
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(Key  to  Figure  1,  cont’d)  C^,  Cq  of  newly-designed  and  currently-produced 
equipment,  as  well  as  specific  capital  investment  C^y  and  CoyJ  8  —  determina¬ 
tion  of  specific  operating  and  maintenance  costs;  9  —  determination  and 
analysis  of  values:  maximum  cost...  and  wholesale-release  price;  10  —  com¬ 
parison  and  analysis  of  specific  operating-maintenance  costs  for  newly- 
designed  . . .  and  currently-produced . . .  equipment ;  11  —  analysis  of  other 
effectiveness  indices  (degree  of  standardization,  reliability,  etc);  conclu¬ 
sions  on  effectiveness  of  newly-designed  equipment  (comparison  of  . ; 

determination  of  time  to  recovery  of  additional  capital  Investment 


Figure  2.  Critical-Path  Model  of  Technical-Economic  Analysis  of  a  Newly- 
Designed  Piece  of  Equipment 


of  the  machinery.  Operations  24,  26  are  eliminated  if  specific  capital  in¬ 
vestment  and  specific  operating  and  maintenance  expenditures  on  the  newly- 
designed  item  are  less  than  on  analogous  items  selected  as  objects  for  com¬ 
parative  analysis,  etc.  However,  these  partial  changes  in  the  critical- 
path  model  do  not  disturb  its  basic  structure. 

In  performing  specific  calculations  on  complex  items,  the  model  can  be 
utilized  as  a  primary  critical-path  model  for  the  individual  in  charge.  In 
this  case  the  person  in  charge  calculates  critical-path  model  parameters, 
with  the  aid  of  determinant  or  probability  time  estimates,  determines  the 
critical  path,  time  reserves,  etc,  that  is,  performs  normal  critical-path 
method  system  procedures. 
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Table  1.  List  of  Events  and  Operations  of  Critical-Path  Model  of  Technical- 
Economic  Analysis  of  Newly— Designed  Item 


a 

b 

c 

d 

Koa 

CoObl- 

THH 

CofibiTue 

Koa 

pa6oTbi 

Pa  Cora 

0 

HcxOflHbie  KOHCTpyKTHBHWe, 

0,1 

OnpejnejieHHe  yHH(i)HKa- 

npoHSBoACTBeHHbie  H  SKcanya- 

UHoHHbix  noKasaxeJiefr 

TauHOHHbie  flanHbie  no  npoeK- 

(K03!j)C})HUHeHTOB  CTaHAap- 

THpyeMOMy  nsflejinio  (HaseCT- 
Ubie  Ha  flaHHOM  siane  noflro- 
TOBKH  npOH3BOflCTBa)  nojiyiB- 

TH3aHHH,  npeeMCTBGHHOCTH 

H  flp.) 

HU 

0,2 

Bbi6op  conocraBHMbix 
MauiHH  cpaBiiHTeab- 

Horo  anajiHsa 

0,3 

Onpe;iejienHe  bhctopo  h 

0,9 

MepHoro  BecoB,  pacxoAa 
MaTepnajioB,  KownjieKTyio* 
meft  npoAyKUHH 

Pacqexbi  TpyAocMKccra 

nsroTOBjieHHn  Hsaenna 

0,4 

PaC'ieTbl  npOH3BOflHTeJlb- 

0,10 

HOCTli  H3AeJllIH  (HAH  Apy- 
me  aHajiomqHbie  pacHeTu) 
OnpeAenewHe  foaobux 
SKcrijiyaTauHOHHbix  pacxo- 
AOB  Ha  ropioHe-CMaaoHHbie 
MarepHajibi  H  SHepmio 

0,19 

OnpeAeAeHHe  roAOBux 
pacxoAOB  Ha  sKcnAyaxa- 
UHOHHbie  peMOHTbl 

0,5 

OripeAeJieHHB  roaoBux 
pacxoflOB  na  aapaCoTiiyro 
njiaxy  oCcaywiiBaiomero 

nepcoHajia  h  npo'inx  pac- 

XOAOB 

1 

0,6 

BblOOp  COBpeMBHHbIX  33- 
py6e/KHbix  anajiorHBHbix 
HsaejiHH  unn  cpaBHenHH 

yiiHtJjHKamioHHbic  noKaaaxe- 

1,7 

SaBHCHMCCTb  (({IHKTHB- 

jiH  onpe^GJiGHbi 

Han  paSoxa)  , 

2 

ConocTaBHMLie  MauiHuw  flam 

2,7 

SaSHCHMOCXb 

cpaBHHTe^bHoro  anajiHaa  Bbi6- 
paHbi 

Pacxo;^  MarepHajioB  onpeae- 

2,24 

» 

3 

3,8 

Pacnex  saxpax  na  Maxe- 

jieH,  nepeMCHb  KOMnjicKTyio- 

pHa.nw  H  KOMnneKxyiomyio 

meft  npoAyKUHH  ycTaHOBjien 

npoflyKUHK) 
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Table  1  (cont'd) 


a 

b 

c 

d 

K -v.ft 

. 

TltH 

'  Co('*wrHr 

K.  A 

pnfKIIW 

Pu6oTa 

3.9 

3aRIICIIMCCT4f' 

4 

ripOII3BoailTe;ibllOCTI>  113,16- 

4,10 

» 

.ina  {ii,jin  jipvroii  aHa,TOrii<iiibiii 

4, 1C 

» 

noKaaareJib)  ycTaHOBJieiia 

4,18 

4,21 

4,23 

» 

5 

foAonhie  pacxoAbi  na  aapa- 
(joTnyio  n/iary  o6cjiy>KHBaio- 
mero  nepcoHajia  h  npoHHe  pac- 
xo;ibi  onpeAejieHbi 

5,20 

SaBHCllMOCXb 

CpaBHemie  npoeKXHpye- 

6 

CoBpeMfiHHbie  aapyOewHbie 

6,11 

anajiorHMiibie  HSAeJina 

Moro  H  3apy6e>KHbix  H3Ae- 

cpaBHHTejibHoro  anajiiisa  Bbi6- 

AHH  no  KOHCTpyKTHBHblM, 

paHbi 

aKcnJiyarauHoHHbiM,  yAe^b- 
HbiM  H  npoMHM  noKaaaie- 
JI51M 

7 

ynncJ)HKauHOHHbie  noKaaare- 

7,12 

CpaBHHxejibtibiH  aHaAH3 

Jin  no  npoeKTHpyejvioMy  h  co- 

yHH^iHKauHOHHbix  BoKasa- 

nOCTaBHMbIM  H3AeJIHHM  HMeiOT- 

TCAea  no  npoeKiHpyeMOMy 

CH 

H  COnOCXaBHMblM  H3AWiHflM 

8 

SaipaTb!  Ha  MaxepHajibi  h 
KOMnAeKTyiomyto  npoAyKUHio 
nojiyneiibi 

8,14 

3aBHCHMOCXb 

9 

TpyAoeMKocTb  HsroTOBaeHHH 

9,13 

Paciexbi  3apa6oTHoii 

H3AeAHfl  onpeAejiena 

nAaibl  OCHOBHbTX  .  npOH3- 
BOACTBeHHblX  paOOHHX 

10 

PoAOBhie  SKcnjiyaTauMOHHbie 
pacxoAbi  Ha  roptOHe-cMasomibie 
MaiepHajibi  H  aHepruio  onpeAe- 

10,20 

SaBHCHMOCTb 

jieHbi 

11 

CpaBHCHiie  HSAexfHB  c  aapy- 

11,30 

» 

12 

13 

6e>KHbiMi[  oSpaauaMH  npoBeAe- 
HO 

CpaBHHTCAbHbiH  aHajiiis  ymi- 
(})HKauHOHHbix  noKaaaTejieii  no 
npoeKTHpycMOMy  h  conocTaBn- 
MbiM  iiaAeAHHM  npOBeAen 

,12,30 

> 

3apa6oTnaH  n^iara  ochobhbix 
npOHSBOACTBeHHblX  paCoMHX 
onpeAejiena 

13,14 

14 

HaHHbie  0  aaxpaTax  Ha  Ma- 

14,15 

Pacier  ceCecxoHMocxii 

TepHaAbi,  KOMHAeKTyiomyio 

npoAyKmiio,  aapaOoTHyio  njia- 
xy  H  KOCBeHHbie  pacxoAw 
HMeiOTCH 

npoeKTHpyeMoro  HsaenHH 
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Table  1  (cont'd) 


a 

Koa 

C06bl- 

THH 

b 

CofibiTiie 

c 

Koa 

pafioTH 

d 

PadoTa 

15 

CeSecTOHMOcTb  npoeKTHpye- 
Moro  H3^ejiHH  onpeAejieHa 

15,16 

15,23 

15,28 

PacMeT  onTOBO-ornycK- 
HOH  ueHbi  npoeKTHpyeMoro 
nsAeJiiin 

SaBHCHMOCTb 

» 

16 

OntoBo-OTnycKHafl  uena 
npoGKTHpyeMoro  H3Ae;iHH  onpe¬ 
AejieHa 

16.17 

16.18 

16,19 

16,23 

16,28 

Paeaex  yAeAbHbix  KanH- 
xaAbHbix  BJioxteHHH  y  no- 
xpeSHxeAfl 

Paenex  roAOBbix  aMopxH- 
3aU,HOHHblX  OXHHeAeHHH 
SaBiieHMOcxb 
» 

» 

17 

VAe.nbHbie  KanHTajibHbie  ano- 
>KeHHH  y  noTpe6HTe;ia  onpeAe- 
JieHbi 

17,24 

» 

18 

PoAOBbie  aMopTHsauHOHHbie 
oTMHCJieHHH  onpeA&neHbi 

18,20 

19 

PoAOBbie  pacxoAbi  Ha  3KcnAy- 
aTauHOHHbie  peMOHThi  onpcAe- 

19,20 

» 

20 

ASHbl 

Bee  cTatbH  roAOBux  9K- 
cnjiyatauHOHHbix  pacxoAOB 

paccMHTaHbi 

20,21 

OnpeAejieHiie  cyMMapubix 
roAOBbix  sKenAyaxauHOH- 
Hb!x  paexoAOB 

21 

CyMMapHbie  roAOBbie  sKcnAy- 
aTaunoiiHbie  paexoflu  onpeae- 
JieHbl 

21 ,22 

Paenet  yAeAbHux  sk- 
cnAyaxauHOHHbix  pacxoAOB 

22 

VAejibiibie  sKcnjiyaTanHOH- 

22,23 

SaBHeHMOeXb 

Hbie  paexoAbi  onpeAeAeHbi 

22,24 

23 

Bee  AaHHbie  ajih  paenexa 
npeAeAbHOH  ceSeeTOHMoexH  h 

23,25 

Paeqeibi  npeAejibHoii 

eeCecxoHMoexH  H  npeAejib- 

npeAejibHOH  onTOBO-oinycKHOH 
UeHbl  HMeiOTCH 

HOH  onTOBo-oinycKHOH  ue¬ 
Hbi  npoeKTHpyeMoro  H3Ae- 
JIHSI 

24 

Bee  AaHHbie  ajih  paewexa 
epoKa  OKynaeMoexH  aohoahh- 
xeAbiibix  KanHxaAbHbix  BAOwe- 

24,26 

Paenex  epoxa  oxynae- 
MoexH  AonoAHHxeAbHbix  xa- 
HHXaAbHblX  BAOWeHHii 

HHii  y  noxpeSHxejiH  h  roAOBoro 
sKOHOMiiMeeKoro  a^eKxa 
HMeioxeH 

24,27 

PacHex  roAOBoro  axoHO- 
MH'ieexoro  3(j)(};exxa  « 

25 

npeA&nbHaH  eeGeexoHMOcxb  h 
npeABAbHaa  onxoBO-oxnycKHaa 
ueHa  paecHiixanbi 

25,28 

SaBHeHMoexb 

26 

epoK  oKynaeMocTH  onpeAC- 
jien 

26,30 

» 

6 


Table  1  Ccont’d) 


a 

K‘'.A 
\  * 

THH 

b 

CoCiUTHC 

c 

Ko,i 

pa6oTU 

d 

PaPora 

27 

FoAOBOl'i  SKOHOMH'ieCKIlii  3.1)- 
(fcKT  onpeflejieH 

27,30 

SaBIIClIMOCTb 

28 

iXaiiiibie  conocxaB/ieHun 

paCCMHTaHHblX  Ce6eCTOMMOCT» 
H  onroBO-OTnycKHOH  uchh  h  hx 
npeA&nbHbix  SHaMeHim  hmciotcsi 

28,29 

Anajins  nojiyMeHHHX  ash- 
Hbix  0  pacMeTHbix  H  npe- 
AejibHbix  SHaHeHHBX  ce6e- 
CTOHMOCTH  H  OnTOBO-OT- 
nycKHoii  uchm 

29 

AnajiHs  pacMeTHbix  H  npe- 
ACJibHbix  3HaMeHHH  ce6ecTOHMO- 
CTH  H  OnrOBO-OTnyCKHOH  UCHbl 
npoBe^eH 

29,30 

SaBHCHMOCTb 

30 

Bee  flaHHwe  BhmoflOB  o 

TeXHHKO-3KOHOMHqeCKOH  3^eK- 
THBHOCTH  npoeKTMpyeMoro  H3- 
Ae^ina  HMewTcn 

30,31 

BuBOJlbl  0  TeXHHKO-3KO- 
HOMjmeCKOH  3  [)(l)eKTlIBHOCTH 

npoeKTOpyeinoro  HSflejiHfl 

31 

BblBOfltl  O  TeXHHKO-3KOHOMH- 
MecKoii  3l)(}!eKTHBHOCTH  npoeK- 
THpyeMoro  HSflejiHa  c^ejianu 

31 ,0 

npHHHTHe  pemeHHH  o 
BbinojiHeHHH  Aa-nbHeHimix 
3TanoB  npoeKTHpOBaHHfl  hjth 
0  Heo6xoAHMccTH  Aopa6oT- 
KH  KOHCTpyKUHH  Ha  ASH- 
HOM  3Tane  hjih  o  npexpa- 
lUeHHH  Aa-nbHeHUJHx  pa6oT 
no  AaHHOMy  HSAeJiHfo 

Key  to  table:  a  —  event  code;  b  —  event;  c  ~  operation  code;  d  —  opera¬ 
tion;  0  —  design,  production  and  operation-maintenance  input  data  on  new¬ 
ly-designed  item  (known  at  the  given  stage  of  preproduction)  have  been  ob¬ 
tained;  1  —  standardized  indices  determined;  2  —  comparable  items  for  com¬ 
parative  analysis  selected;  3  —  materials  requirements  determined,  list 
of  component  items  established;  4  —  item  productivity  (or  other  analogous 
indicator)  established;  5  —  annual  outlays  on  operator  personnel  wages  and 
expenditures  determined;  6  —  similar  modern  foreign  items  for  comparative 
analysis  selected;  7  —  standard  indices  on  newly— designed  and  comparable 
items  available;  8  —  outlays  on  materials  and  component  items  obtained; 

9  —  labor  requirements  of  item  manufacture  determined;  10 —  annual  operat¬ 
ing  costs  for  fuels,  lubricants  and  electric  power  determined;  11  —  com¬ 
parison  of  item  with  foreign  models  performed;  12  — —  comparative  analysis  of 
standardization  indices  on  new-design  and  compared  items  performed;  13  — 
wages  of  basic  production  workers  determined;  14  —  figures  on  outlays  for 
materials,  component  items,  wages  and  indirect  expenditures  available;  15  — 
production  cost  of  newly-designed  item  determined;  16  —  wholesale-release 
price  of  newly-designed  item  determined;  17  —  specific  capital  investment 
by  purchaser  determined;  18  —  annual  depreciation  allowance  determined; 

19  —  annual  operating  and  maintenance  costs  determined;  20  —  all  items  of 
annual  operating  and  maintenance  costs  calculated;  21  —  total  annual  operat¬ 
ing  and  maintenance  costs  determined;  22  —  specific  operating  and  maintenance 
costs  determined;  23  —  all  figures  available  for  calculation  of  maximum 
production  cost  and  maximum  wholesale-release  price;  24  ~  all  figures 
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available  for  calculating  time  to  recovery  of  purchaser's  additional  capital 
investment  and  annual  savings;  25  —  maximum  production  cost  and  maximum 
wholesale-release  price  calculated;  26  —  time  to  recovery  of  investment 
determined;  27  —  annual  savings  determined;  28  —  figures  available  for 
comparison  of  calculated  production  cost  and  wholesale-release  price  and 
their  maximum  values;  29  —  analysis  of  calculated  and  maximimi  production  cost 
and  who  le  s ale  -  release  price  performed;  30  —  all  data  available  for  con¬ 
clusions  on  technical-economic  effectiveness  of  newly-designed  item;  31  — 
conclusions  reached  on  technical-economic  effectiveness  of  newly-designed 
item;  0,1  —  determination  of  standardization  indices  (standardization 
factor,  succession  coefficient,  etc);  0,2  —  selection  of  comparable  machinery 
for  comparative  analysis;  0,3  —  determination  of  net  and  rough  weights,  con¬ 
sumption  of  materials  and  component  items;  0,9  —  calculations  of  item 
manufacture  labor  requirements;  0,4  —  calculation  of  item  productivity  (or 
other  analogous  calculations);  0,10  —  determination  of  annual  operating 
expenses  for  fuels,  lubricants  and  electricity;  0,19  —  determination  of 
annual  expenditures  on  maintenance;  0,5  —  determination  of  annual  expendi¬ 
tures  on  operating  personnel  wages  and  other  outlays;  0,6  —  selection  of 
similar  modern  foreign-made  items  for  comparison;  1,7  —  relation  (ficti¬ 
tious  operation);  2,7  —  relation;  3,8  —  calculation  of  expenditures  on 
materials  and  component  items;  3,9  —  relation;  5,20  —  relation;  6,11  — 
comparision  of  newly-designed  and  foreign  items  on  the  basis  of  design,  opera¬ 
tion,  specific  and  other  indices;  7,12  —  comparative  analysis  of  standardiza¬ 
tion  indices  of  new-design  and  compared  items;  8,14  —  relation;  9,13  — 
calculation  of  wages  of  basic  production  workers;  10,20  —  relation;  14,15  — 
calculation  of  production  cost  of  newly-designed  item;  15,16  —  calculation 
of  wholesale-release  price  of  newly-designed  item;  15,23  —  relation;  16,17  — 
calculation  of  purchaser's  specific  capital  investment;  16,18  —  calculation 
of  annual  depreciation  allowance;  16,19  —  relation;  20,21  —  determination 
of  total  annual  operating  and  maintenance  costs;  21,22  —  calculation  of 
specific  operating  and  maintenance  costs;  22,23  —  relation;  23,25  —  cal¬ 
culations  of  maximum  production  cost  and  maximum  wholesale-release  price  of 
newly-designed  items;  24,26  —  calculation  of  time  to  recovery  of  additional 
capital  investment;  24,27  —  calculation  of  annual  savings;  25,28  —  rela¬ 
tion;  27,30  —  relation;  28,29  —  analysis  of  obtained  data  on  calculated 
and  maximum  production  cost  and  wholesale-release  price;  29,30  —  relation; 
30,31  —  conclusions  on  technical-economic  effectiveness  of  newly-designed 
item;  31,0  —  decision-making  on  subsequent  stages  of  the  designing  process 
or  on  the  necessity  of  finishing  the  design  at  the  present  stage  or  termina¬ 
tion  of  work  on  the  given  item 


Also  shown  in  the  critical-path  model  in  Figure  2  is  feedback  (procedure 
31,0)  —  optimization  of  design,  as  a  result  of  which  a  closed  loop  is 
formed,  which  fundamentally  distinguishes  this  model  from  conventional 
models. 

At  each  stage  in  the  design  process,  following  technical-economic  analysis 
by  the  designers,  one  of  the  following  decisions,  determined  by  analysis 
results,  should  be  made:  the  design  is  a  good  one,  and  we  can  proceed  to 
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the  next  design  stage;  the  design  requires  additional  work  at  the  present 
stage  in  order  to  improve  effectiveness  indices;  the  design  is  not  effective, 
and  further  work  on  it  must  he  terminated,  or  the  given  input  parameters 
must  be  substantially  changed.  The  technical-economic  analysis  is  practical¬ 
ly  useless  without  this  feedback. 

Determination  of  machinery  production  cost  is  an  important  item  in  per¬ 
forming  an  analysis.  Calculated  production  cost  is  used  both  to  determine 
the  wholesale-release  price  on  the  newly-designed  item  (production  sphere) 
and  for  calculating  depreciation  allowance  (operation  sphere  —  see  dashed 
arrow  in  Figure  1  and  operation  16,18  in  Figure  2).  We  should  note  that 
the  depreciation  allowance  in  the  operation  of  some  pieces  of  complex 
machinery  manufactured  in  small  numbers  comprises  a  substantial  part  of 
operating  expenses.  Tables  2  and  3  present  the  approximate  structure  of 
operating  cost  of  modern  Soviet  mass-produced  and  small-series  bulldozers 
as  well  as  mass-production  trucks. 
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Table  2.  Structure  of  Vehicle-Shift  Cost  for  Bulldozers,  % 

Key  to  table:  1  —  expenditure  items;  2  —  bulldozers;  3  —  mass  production; 
4  —  small-series  production;  5  —  one-time  outlays  (connected  with  transfer 
to  another  site);  6  —  depreciation  allowance;  7  —  shift  expenditures  (for 
operating  personnel  wages,  fuel);  8  —  other  shift  expenditures  [maintenance 
and  repairs  (other  than  major  overhaul),  lubricants];  9  —  total 


As  is  evident  from  the  tables,  the  percentage  share  of  depreciation  al¬ 
lowance  in  cost  of  vehicle  operation  changes  substantially,  in  relation  to 
the  wholesale-release  price,  which  in  turn  is  determined  by  the  scale  of 
manufacture.  For  mass-produced  vehicles  the  depreciation  allowance  is  usual¬ 
ly  more  than  10%;  with  series,  small-series  and  custom  manufacture  the 
depreciation  allowance  can  be  as  high  as  60-80%.  Thus  an  error  made  in 
calculating  machinery  production  cost  may  reflect  negatively  in  calculations 
of  operating  costs  and  in  calculations  of  machinery  technical-economic  ef¬ 
fectiveness  as  a  whole. 
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Table  3.  Average  Structure  of  Annual  Operating  Expenses  for  Trucks,  % 
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Key  to  table:  1  —  expenditure  items;  2  —  trucks;  3  —  with  carburetor- 
type  engines;  4  —  with  diesel  engines;  5  —  fuel;  6  —  lubricants;  7  — 
servicing  and  maintenance;  8  —  depreciation  allowance;  9  —  tire 
depreciation  and  repairs;  10  —  driver  wages;  11  —  garage  services;  12  — 
total 


Machinery  production  cost  is  influenced  by  many  indices:  design,  production, 
technological,  organization,  and  operational  (Figure  3).  In  practical 
terms  it  is  very  difficult  to  take  the  great  diversity  of  indices  into  ac¬ 
count  even  with  the  availability  of  full  support  data  on  the  item  (machine) 
being  manufactured.  This  data  makes  it  possible  to  determine  the  planned 
production  cost  of  a  piece  of  machinery  and  to  establish  a  wholesale-release 
price  taking  into  consideration  specific  production  profitability.  One  can 
precisely  determine,  however,  whether  a  wholesale-release  price  has  been 
correctly  established  only  as  a  result  of  thorough  calculations  of  operating 
indices,  which  makes  it  possible  to  introduce  a  correction  taking  into 
account  savings  achieved  by  the  purchaser  of  the  item. 

Due  to  the  lack  of  manufacturing  process  data  it  is  impossible  to  determine 
time  requirements,  the  precise  weight  and  materials  requirements,  since 
detailed  drawings  are  prepared  only  at  the  final  stage  of  design  (the  working 
drawings  stage),  while  process  drawings  (of  required  castings  and  forgings, 
for  example)  are  not  prepared  until  the  process  of  preparation  for  produc¬ 
tion.  Normal  costing  methods  specified  by  the  instructions  of  the  USSR 
Gosplan  and  the  USSR  Ministry  of  Finance  [8],  require  preliminary  determina¬ 
tion  of  materials  requirements  on  the  basis  of  drawings  (and  manufacturing 
processes)  and  labor  requirements  based  on  standard  time  requirements. 

Therefore  in  the  process  of  designer  preproduction  activities  it  is  neces¬ 
sary  to  employ  special  methods  of  calculating  production  cost  which  will 
make  it  possible  to  utilize  the  data  which  are  known  at  this  stage.  These 
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Figure  3.  Diagram  of  Influence  of  Basic  Indices  on  Machinery  Production  Cost 


Key  to  figure:  1  —  design  indices:  dimensions,  specifications,  materials, 
configuration,  principle  of  operation  and  kinematic  diagram,  technological 
feasibility;  2  —  general  production  indices:  scale  of  production,  stability 
of  production,  level  of  specialization  and  cooperative  manufacture,  etc; 

3  —  production  cost;  4  —  manufacturing  process  indices;  type  of  blank  or 
workpiece,  method  of  basing,  production  routing,  degree  of  concentration  of 
operations,  type  of  equipment,  equipment  factors,  processing  conditions, 
etc;  5  —  organizational  indices;  type  of  production,  level  of  specialization 
of  work  stations  and  sections,  level  of  production  flow,  degree  of  work 
station  work-loading,  procedure  and  sequence  of  work  station  servicing,  orga¬ 
nization  of  transfer  and  warehouse  operations,  level  of  organization  of 
production  management,  etc;  6  —  operating  indices:  service  life,  operational 
reliability,  ease  of  maintenance  and  repair,  ease  of  operation  and  servicing, 
etc. 
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calculations,  initially  consolidated,  should  subsequently  be  refined,  as  more 
information  is  acquired.  At  the  production  process  setup  stage,  when  figures 
on  labor  and  materials  requirements  appear,  they  can  be  brought  to  the  ac¬ 
curacy  of  plan  calculations.  Even  at  early  stages  of  preparation,  however, 
it  is  essential  to  employ  production  cost  calculation  methods  which  will  make 
it  possible  to  ensure  departure  of  not  more  than  ±10-15%  from  actual  produc¬ 
tion  cost. 

In  connection  with  this  it  is  necessary  to  elaborate  and  apply  methods  of 
production  cost  calculation  which  provide  designers  with  objective  and 
reliable  material  for  judging  the  influence  of  given  design  changes  on 
production  cost  and  for  determining  those  parameters  of  machinery  being 
designed  which  exert  the  greatest  influence  on  production  cost.  It  is 
essential  for  designers  to  possess  a  reliable  tool  with  the  aid  of  which  they 
can  know  in  advance  what  parameters  of  a  machine  or  its  components  require 
thorough  analysis  and  appropriate  technical-economic  calculations.  In  other 
words,  it  is  necessary  to  calculate  production  cost  with  methods  with  the 
aid  of  which  it  would  be  possible  to  establish  not  only  a  direct  relation¬ 
ship  between  a  machine's  parameters  and  production  cost  but  also  feedback, 
making  it  possible  to  optimize  the  design,  not  on  the  basis  of  intuition 
but  based  on  objective  criteria^ 


FOOTNOTES 

1.  The  symbols  employed  in  the  text  are  listed  at  the  back  of  the  book. 

2.  For  critical-path  methods  in  planning  and  management  see  Belova,  L.  D., 
et  al:  "Setevoye  planirovaniye  i  upravleniye"  [Critical-Path  Method], 
Moscow,  Znaniye,  1966;  Razumov,  I.  M. ,  et  al;  "Setevyye  grafiki  v 
planirovanii"  [Network  Charts  in  Planning],  Moscow,  Vysshaya  shkola,  1967. 
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CHAPTER  1. 

CALCULATING  PRODUCTION  COST  DURING  PREPRODUCTION  DESIGNING 


1.  Machine  Parameters  and  Production  Cost 

In  preproduction  designing  the  method  of  analogy  may  be  the  most  acceptable 
method  of  approximate  calculation  of  machinery  production  cost.  This 
method  is  essentially  the  following:  the  production  cost  of  a  machine  being 
designed  is  calculated  on  the  basis  of  analysis  of  specific  parameters  of 
the  machine  or  its  components  known  at  the  given  stage. 

Utilized  for  the  calculation  are  standard  reference  or  statistical 
materials  on  quantitative  correlations  between  these  parameters  and  the 
production  cost  of  machinery  of  similar  function  which  is  currently  in 
production.  These  statistical  materials,  however,  should  be  suitably 
prepared  and  processed  for  calculations  of  production  cost  of  machinery  be¬ 
ing  designed. 

Machinery  production  cost  is  Influenced  by  its  specifications  and  per¬ 
formance  parameters,  as  well  as  organizational  and  production  indices  (see 
Figure  3) .  In  production  cost  calculations  it  is  impossible  at  the  design 
stage  to  figure  in  the  entire  complex  of  technical,  operational,  organiza¬ 
tional  and  production  parameters.  For  an  approximate  estimate  of  production 
cost,  allowing  for  error  which  does  not  distort  on  the  whole  the  results  of 
calculations  of  technical-economic  effectiveness,  it  is  sufficient  to  limit 
oneself  to  an  expedient  minimum  number  of  parameters  which  influence 
production  cost  to  the  greatest  degree.  This  can  be  done  by  applying  math¬ 
ematical-economic  simulation  methods,  that  is,  by  selecting  those  parameters 
which  exert  the  greatest  influence  on  the  target  parameter,  in  this  instance 
production  cost. 

The  selected  parameters  are  designated  by  mathematical  sjrmbols,  and  their 
relations  are  written  down  in  the  form  of  mathematical  expressions. 

Principal  stages  of  the  preproduction  design  process  include  the  preliminary 
design,  design  sketches,  technical  and  working  design;  another  component 
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part  of  preproduction  design  is  the  building  and  testing  of  experimental 
models  if  a  given  item  is  to  go  into  series  or  mass  production. 

As  a  rule  several  basic  parameters  which  influence  production  cost  can  be 
specified  at  each  stage  of  preproduction  design.  Table  1.1  contains  several 
methods  of  determining  production  cost  at  various  stages  of  preproduction 
designing,  by  utilization  of  known  correlations  between  machine  parameters 
and  production  cost. 

Up  to  the  present  time  the  economics  literature  has  frequently  recommended 
that  one  examine  production  cost  on  the  basis  of  some  one  specific  indicator 
(cost  per  ton  of  weight,  cost  per  unit  of  load  capacity  or  per  unit  of  out¬ 
put,  etc).  There  is  lacking  thereby  sufficiently  substantiated  recommenda¬ 
tions  on  utilization  of  a  given  indicator,  while  the  results  of  calculations 
frequently  prove  to  be  quite  far  from  a  realistic  production  cost  indicator 
obtained  on  the  basis  of  documents  elaborated  in  the  process  of  preproduc¬ 
tion  engineering. 

In  all  these  calculations  it  is  assumed  as  a  rule  that  outlays  change 
directly  proportional  to  change  in  one  determining  parameter  (weight,  for 
example).  For  example,  if  the  specific  production  cost  of  a  machine  is 
equal  to  0.5  rub/kg,  then  in  designing  a  new  and  similar  machine  weighing 
100  kg  less,  the  calculated  production  cost  will  be  50  rubles  less. 

However,  such  a  calculation  fails  to  take  into  consideration  the  possible 
increased  complexity  of  the  new  design  as  well  as  a  different  specific  cost 
of  its  elements  (see  Table  1.2).  Employment  of  an  averaged  specific  indicator 
in  complex  machinery  can  lead  to  serious  errors  in  calculating  production 
cost. 

As  is  evident  from  Table  1.3,  the  average  specific  cost  of  producing 
tractors  ranges  between  0.3  and  0.5  rub /kg.  However,  if  we  utilize  these 
averaged  figures  for  calculating  the  cost  of  producing  the  running  gear 
of  a  new  tractor,  a  substantial  error  will  arise,  since  the  specific  cost 
of  producing  the  running  gear  of  caterpillar  tractors  is  approximately 
0.1-0.15  rub/kg,  that  is,  2  to  5  times  less  than  the  average,  while  for 
wheel-type  tractors  it  is  approximately  0.65-0.8  rub/kg,  that  is,  1.5-2  times 
higher  than  the  average  tractor  cost. 

Therefore  consolidated  specific  indicators  can  be  permitted  only  for 
branches  which  are  engaged  in  single-item  production,  where  it  is  dif¬ 
ficult  to  establish  more  reliable  relations.  For  branches  with  series  and 
mass  production,  such  indicators  are  allowable  only  as  an  exception,  at 
the  earliest  stages  of  preproduction  design,  in  preparing  or  refining  the 
preliminary  design  and  in  the  absence  of  any  standard  or  statistical  data 
on  items  of  a  similar  nature  and  function  which  are  currently  in  produc¬ 
tion. 
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Table  1.1.  Methods  of  Determining  Production  Cost  at  Different  Stages  of 
Preproduction  Designing 
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noyajiOBOro  paeqexa  ceCeexoH- 
MocxocTH,  HanpHMep:  nyxeM  on- 
peA&neHHsi  aaxpax  na  MaxepHajibi, 
nojiyi^a6pHKaxbi  h  noKynnue  iia- 
AejiHH  (Mh  HcnojibaoBaHHH  abh- 
Hbix  0  AOJie  M  b  cefiecxoHMocxH; 
yqexa  K034)4>iinneHTa  cepniiHocTH 

H  cyMMHpoBaHHH  nojiyqeHHbix  pe- 
ayabxaxoB  no  bcbm  HaroxoBJiae- 
MbiM  arperaxaM  h  yajiaM  co  ctoh- 

MOCXblO  nOKynHbix  arperaroB  u  j 

f 

yHH(t)HUHpOBaHHfaIX  H  HOKynHux 
yajlOB  H  MexaHHaMOB  Mauiirabi; 
TexHHKo-aKOHOMHHecKHe  pacaeTbi 
a^JxfeKTHBHOCTH  npHHHM|aeMbix  pe- 

uieHHii 

yniKjiHKauHH.  rioKynHbie  arpera- 
Tbi,  MexaraiaMbi  h  yaabi  16 

yajioB;  nyxeM  Koppoanimoi'Hr.ro 
amjmaa  ochobhux  iiapaMcxpoE,  ; 
B;iHaiomHX  na  ceCecxoiiMficib  ; 
npoeKXHpyeMbix  arperaxoB  h  yi-  : 
jioB  H  cyMMHpoBanHH  iio.iyqeiimjx; 
peayjibxaxoB  no  bcbm  npoeKTapyc-; 
MbiM  arperaxaM  h  yajiaM  co 

MocxbK)  noKynHbix  arperaxoB  ii 
yajioB  H  Ap. 

PaapafioTKa 

TexHHqecKoro 

npoeKTa 

7 

KoMnoHOBKa  MauiHHbi;  paapa- 
6oTKa  HepTe)KeH  oQmiix  bhaob  ar- 
peraTOB  h  ya;ioB;  yToaneKHe  cne- 
UH^HKauHH  noKynHfaix  Ha;;e;!HH; 
pacaeTH  Ha  npoaKocib,  flOJiroBea- 

HOCTb,  meCTKOCTb,  TOHHOCTb;  COC- 

TaBJieHHe  cneuHtJiHKanHH  Maiepna- 
/iob;  cocTaBJieHHe  TexHHaecKHx  yc- 
jiobhh;  xexHHKo-sKOHOMHaecKHe 
paCaeTbl  a^tKjjeKTHBUOCTH  npHHH- 
MaeMfaix  pemeHHH  ig 

Te  Hce,  qTo  ajih  sxanoB  paapa- 
6oxkh  xexHHqecKoro  aaftaHHH  h 
paapaSoxKH  3CKH3Horo  npoeKxa 

19 

PaapadoTKa 

pafioHero 

npoeKTa 

Paapa6oTKa  pa6oHHx  aepteweii; 
cocTasJieHHe  npnHuunnajibHOH  cxe- 
Mbi  c6opKH  HaAeJiHsi;  naroTOBJieHHe 
H  HcnbiTaHiie  onbiTHUx  o6paauoB; 
KoppeKTHpoBKa  pa6oHHx  qepre- 
weft;  cocTasjiaHHe  TexHHqecKHx 
ycjioBHft  Ha  MatepHaJTbi;  cocraBJie- 
HHe  noaexajibHbix  h  MaiepnajibHbix 
cneaH4)HKaHHft.  yToqneHHbiH  Tex- 
HHK0-3K0H0MHqeCKIIH  BHajIHa  34)- 
4)eKTHBHOCTH  KOHCTpyKUHH 

Bee,  qxo  6fai.io  jma  sxanoB  paa- 
paSoxKH  xexHHqecKoro  aaflaHHH, 
paapaSoxKH  acKHanoro  npoeKxa , 
pa3pa6oXKH  xexHHqecKoro  npoeuxa. 
(paKXHqecKHH  bec  arperaxoB  h  ya- 
jioB.  Maxc-pHa.!  Aexajieil.  Mhcjic 
o6pa6axbiBaeMb!x  noBepxHocxeft; 
xapaKxep  aaroxoBKH 

yxoqHeHHe  npoBeAennux  patiee 
pacqexoB  no  CjIOwhum  arperaxaM; 
H  yajiaM  na  ocHoBe  ycxanoB-iemifl 
noAeTajib:ibix  aaBHcuMocxeii  ce- 
CecxoHMOCTH  (hjih  Matepiia-iotM- 
KOeXH  H  XpyAOaMXOCTH)  or  KOll- 
CXpyKTHBHblX,  SKCIlJiyaxaUMOHHWX 

H  npoH3BOAcxBeHHbix  napaMexpon, 
c  HcnojibaoBamieM  pa3pa6oTaH- 
Hoft  xexHHqecKoif  AoKyMeHTamiii 
(qepxeacH,  cneuHtjiHKamiH  h  x._n.) 

22 
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Key  to  Table  1.1  on  preceding  page:  1  —  stage;  2  —  composition  of  principal 
operations;  3  —  approximate  list  of  known  parameters  at  the  given  stage 
which  influence  production  cost;  4  —  possible  methods  of  calculating  produc¬ 
tion  cost;  5  —  preliminary  design;  6  —  preliminary  drawings;  7  —  prelimina¬ 
ry  engineering;  8  —  detailed  engineering;  9  —  elaboration  of  general  speci¬ 
fications  of  the  new  machinery  and  areas  of  application;  determination  of 
design  features  and  principal  machine  parameters;  substantiation  of  the  need 
to  manufacture  the  machine  and  its  modification;  technical-economic  calcula¬ 
tion  of  effectiveness;  customer  approval  of  preliminary  design  and  its 
ratification;  10  —  weight  of  item;  power;  operating  speeds;  productivity; 
size;  durability,  service  life;  scale  of  production,  etc;  11  —  consolidated 
methods  of  calculating  production  cost,  for  example:  on  the  basis  of  specific 
indicator;  by  the  point  method;  by  means  of  correlation  analysis  of  design, 
operating  and  production  parameters  influencing  production  cost,  etc;  12  — 
preparation  of  kinematic,  hydraulic  and  other  machinery  diagrams;  13  — 
preparation  of  general  sketches;  14  —  preparation  of  specifications  of  as¬ 
semblies  and  mechanisms;  determination  of  standardized  and  purchased  machine 
assemblies  and  mechanisms;  technical-economic  calculations  of  the  effective¬ 
ness  of  decisions  reached;  15  —  figures  on  power,  torque,  speeds,  etc  in 
individual  units  and  assemblies;  16  —  scale  of  production  of  units,  mecha¬ 
nisms  and  assemblies,  taking  standardization  into  account.  Purchased  units, 
mechanisms  and  assemblies;  17  —  methods  of  calculation  of  production  cost 
on  a  unit-by-unit  or  assembly-by-assembly  basis,  for  example:  by  determining 
outlays  on  raw  materials,  semimanufactures  and  purchased  items  (M);  utiliza¬ 
tion  of  figures  on  the  percentage  share  of  M  in  production  cost;  figuring 
the  coefficient  of  series  production  and  adding  up  the  obtained  results  on 
all  units  and  assemblies  produced,  with  the  cost  of  purchased  units  and 
assemblies;  by  means  of  correlation  analysis  of  the  principal  parameters  in¬ 
fluencing  the  cost  of  designed  units  and  assemblies  and  adding  up  the  ob¬ 
tained  results  for  all  designed  units  and  assemblies  with  the  cost  of  pur¬ 
chased  units  and  assemblies,  etc;  18  —  machine  layout;  preparation  of  general 
drawings  of  units  and  assemblies;  refinement  of  specifications  of  purchased 
items;  strength,  durability,  rigidity  and  precision  calculations;  prepara¬ 
tion  of  materials  specifications;  preparation  of  general  specifications; 
technical-economic  calculations  of  effectiveness  of  solutions  reached;  19  — 
same  as  for  preliminary  design  and  preliminary  drawings  stage;  20  — 
preparation  of  working  drawings;  preparation  of  basic  assembly  diagram; 
fabrication  and  testing  of  experimental  models;  correcting  of  working  draw¬ 
ings;  preparation  of  specifications  on  materials;  preparation  of  detailed 
specifications  on  parts  and  materials.  Refined  technical-economic  analysis 
of  design  effectiveness;  21  —  same  as  for  preliminary  design,  preliminary 
drawings,  and  preliminary  engineering  stages.  Actual  weight  of  units  and 
assemblies.  Parts  materials.  Number  of  machined  surfaces;  character  of 
machine  blanks  and  workpieces;  22  —  refinement  of  previous  calculations  on 
complex  units  and  assemblies  on  the  basis  of  establishment  of  part-by-part 
relationships  between  production  cost  (or  materials  and  labor  requirements) 
and  design,  operation  and  production  parameters,  with  utilization  of  prepared 
engineering  data  (drawings,  specifications,  etc) 
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Table  1.2.  Specific  Cost  of  Producing  Trucks,  at  100,000  Units  Per  Year 
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1  500 

0,34 

150(k) 

0,70 

25 

0,80 

80 

0,50 

125 

0,22 

2  500 

0,33 

235(k) 

0,68 

45 

0,70 

250 

0,30 

215 

0,17 

4  000 

0,30 

400(k) 

0,63 

110 

0,60 

450 

0,27 

380 

0,16 

12  000 

0,15 

£00{fl) 

0,56 

220 

0,55 

880 

0,23 

540 

0,13 

npHMe>iaHne:  (k)— Kapfi-'.paTopHbifi,  (a)— flHaejibHbift. 


Key  to  table:  1  —  truck;  2  —  engine;  3  —  transmission;  4  —  rear  axle; 
5  —  frame;  6  —  weight,  kg;  7  —  specific  cost  in  rubles  per  kg;  note: 
(k)  —  carburetor,  (fl)  —  diesel 


Table  1.3.  Specific  Production  Cost,  Tractors 


1 

TpaKTOpbl 

2 

MoUlHOCTb 

B  A.  C. 

3yae.1bHa!!  CeOeCTOHMOCTb  B  pyC/Ka 

4 

TpaKTopa 

SrpaKTopa 
Oea  xoAO- 
BOii  >iaCTH 

X§AOBOft 

HaCTH 

7  FyceHJHHbie  flH3ejibHbie  .  . 

8Ko;iecHbie  ,5H3&nbHbie  .  .  . 
9  KojiecHbie  6eH3HHOBbie  .  .  . 

150—100 
\30-50 
/20— 35 

1 14-^20 
12 

0,314 

0,358 

0,500 

0,520 

0,500 

0 ,430 
0,440 
0,435 
0,500 
0,455 

0,085 
0,147 
0,800 
■  0 ,650 
o',  650 

Key  to  table:  1  —  tractors;  2  —  horsepower;  3  —  specific  production  cost 
in  rubles  per  kg;  4  —  of  tractor;  5  —  of  tractor  without  running  gear; 

6  —  of  running  gear;  7  —  caterpillar  diesels;  8  —  wheel  diesel;  9  — 
wheel  gasoline 


2.  Methods  of  Calculating  Production  Cost  at  the  Preliminary  Design  and 
Preliminary  Drawings  Stage 

At  the  preliminary  design  and  preliminary  drawings  stage  one  possesses  in¬ 
complete  and  consolidated  data  on  the  new  machine,  particularly  at  the 

design  stage  (see  Table  1.1).  As  a  rule  we  know  the  weight  of 
the  item  (sometimes  a  maximum  figure  which  the  designers  must  meet),  re¬ 
quired  power,  operating  speeds  (sometimes  only  maximum  and  minimum), 
maximum  size,  service  life  and  requirements  for  coming  years. 
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However,  even  with  such  a  limited  number  of  indicators,  various  methods  of 
calculating  production  cost  can  be  employed.  We  shall  examine  the  following 
three  methods,  which  are  the  most  acceptable  for  calculating  production  cost 
at  the  preliminary  design  stage  and  during  preparation  of  preliminary 
drawings:  calculation  on  the  basis  of  specific  indicators,  by  the  point 
method,  and  by  the  correlation  method. 

Calculation  on  the  basis  of  specific  indicators.  The  method  of  calculating 
production  cost  on  the  basis  of  specific  indicators  is  the  simplest  and 
least  precise  method. 

Calculation  of  the  production  cost  of  a  new  machine  with  this  method  is 
performed  with  the  following  formulas: 

rub /unit  (1.1) 

S„=5y  rub/unit  (1.2) 

N 


where  Sy^  —  specific  cost  in  rub/t;  —  calculated  weight  of  machine  in 
tons;  Syj^  —  specific  cost  in  rub/kw  (rub/hp);  —  motor  output  of  designed 
machine  in  kw  (hp). 

Table  1.4  gives  as  an  example  standard  values  of  specific  indicators  SyQ  and 
Syjg  for  several  metal-cutting  machine  tools  and  for  press  forging  equipment 
[2].  Figure  1.1  shows  change  in  the  specific  cost  of  models  1A62  and  1K62 
universal  lathes  in  relation  to  their  weight  [12],  while  Figure  1.2  shows 
change  in  the  specific  cost  of  producing  trucks  in  relation  to  their  load 
capacity.  Such  specific  values  can  be  obtained  for  all  machinery  in  produc¬ 
tion.  .... 


1  06opyAOBaHHe 

^  So 

B  Tbic.  pyplm 

^  Sn 

B  Tbjc.  pyOfKem 

4  PeBOJibBepHbie  ciaHKH  c  AiiaMeTpoM  npyr- 
Ka  B  mm: 

Ho  20 . .  . 

0,85—2.5* 

0,23-0,95 

20—36  . 

0,85—1,1 

0,27—0,54 

36—63  . 

0,65—0,85 

0,32—0,55 

CBbime  63 . 

0,57—1,0 

0,15—0,65 

5  OpesepHbie  ropH3oHTa.nfaHbie  ciaHKH  .  .  . 

0.6— 0,7 

0,23—0,3 

6  3y6oo6Da6aTbiBaK)m,He  craHKH: 

7  ({)pe3epHbie . . . 

0,55-0,9 

0.7— 0.9 

8  flo.n6e»{Hbie . 

0,9—2,55 

1,45—4,25 

9  CBepjiH.abHbie  BepiHKajibHbie  craHKH  .  .  . 
ID  UJjiHcJJoBaJibHbie  cxaHKH: 

0,5—0,75 

0,15—0,3 

11  Kpyr.’ibie . . 

0,4— 0,6 

'0,25—0,3 

12  HJIOCKHe . 

0.5— 0,8 

0,1—0,15 

13  MexaHHHecKHe  npeccu . . 

0,35—0,65 

0 ,4-0 ,6 

14  Mo.HOTbI . . . 

0,15—0,3 

0,1—0,15 

15  ropH3OHTajIbHO-K0B0'IHbie  MaiUHHU  .  .  . 

0.65—0.85 

1.1-1 .3 

*  BepxHiie  npeACJibi  — flJiJi  aBTOMaxoB. 

Table  1.4.  Specific  Cost  Values  Sq  and  Sjq  for  Several  Metal-Cutting  Machine 
Tools  and  Press  Forging  Equipment 
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Key  to  Table  1.4  on  preceding  page:  1  —  equipment;  2  —  in  thousand  rub/t; 

3  —  in  thousand  rub/kw;  4  —  turret  lathes  with  rod  diameter  in  mm;  5  — 
horizontal  milling  machines;  6  —  gear-machining  units;  7  —  gear-milling 
machines;  8  —  gear-shaping  machines;  9  —  vertical  drilling  machines;  10  — 
grinders;  11  —  cylindrical;  12  —  surface;  13  —  power  presses;  14  — 
hammers;  15  —  hot-forging  machines;  *  —  upper-limit  figures  are  for  auto¬ 
matic  units 


Figure  1.1.  Relationship  Between  Specific  Cost  of  Universal  Lathes  and  Their 
Weight 


w 


Hi 


0 

Figure  1.2.  Relationship  Between  Specific  Cost  of  Trucks  and  Their  Load 
Capacity 

Key  to  figure:  I  —  4x2  and  6x4  trucks;  II  —  dump  trucks;  III  —  4x4 
and  6x6  trucks 


Calculations  of  this  kind  can  be  refined  somewhat  by  employing  differentiated 
specific  indicators  —  specific  materials  and  labor  requirements.  In  this 
case  expenditures  on  materials,  semimanufactures,  purchased  items  M  and  on 
production  worker  basic  wages  L  can  be  determined  in  a  consolidated  manner 
with  the  following  formulas: 


rub /unit  (l-S) 

rub/unit  (1-4) 


where  niy  —  expenditure  of  materials,  semimanufactures  and  purchased  items  in 
kg/kg  (t/t);  Gn  —  calculated  weight  of  machine  in  kg  (t) ;  Cm  —  average  cost 
of  materials,  semimanufactures  and  purchased  items  in  rub/kg  (rub/t);  tyd  — 
labor  requirements  per  unit  of  machinery  weight  in  norm  hours  per  kg  (norm 
hours  per  t);  x^^,  —  average  wage  rate  in  rub/norm-hr. 


19 


Values  my  and  ty^  are  determined  in  advance  for  similar  machines  currently 
in  production  and  are  subsequently  utilized  for  calculating  M  and  L  for  the 
new  machine.  For  example,  for  internal  combustion  engines,  pumps,  com¬ 
pressors,  etc,  we  can  employ  for  calculating  L  the  following  formula: 

L  =  rub /unit  (1.5) 

where  tp  —  specific  machining  labor  requirements  in  norm-hr/dm^;  F  — 
cylinder  machined  surface  in  dm2;  tp  can  be  obtained  with  the  Ye.  P. 
Kudryavtsev  formula 

=  ■  (1.6) 

where  —  total  labor  requirements  in  norm-hours;  D  —  cylinder  diameter 

in  dm;  s  —  piston  stroke  in  dm;  n  —  number  of  cylinders. 

As  experience  shows,  index  tp  is  fairly  stable  for  internal  combustion  en¬ 
gines  of  various  horsepower  and  output  and  can  be  successfully  employed  in 
production  cost  calculations. 

Fairly  frequently  correlations  [11]  are  employed  in  practice  for  geometrical¬ 
ly  similar  items; 

•  ('-7) 

^  rub.^nlt _ _  0-8) 

The  labor  requirements  of  a  new  machine  can  be  obtained  on  the  basis  of  known 
labor  requirements  of  similar  items  with  the  formula 

3 

To6u{^  =  To6m^y  norm-hr/unit ,  (^*9) 

where  subscripts  n  and  o  designate  the  new  and  base  machine  respectively. 

Lengipromash  proposes  a  somewhat  refined  formula,  which  takes  into  account 
the  differing  character  of  interrelationship  between  basic  and  auxiliary 
time  and  item  weight: 

I 

norm-hr/unlt; 

_ (1-10)  i 

where  kj^  and  k],  —  percentage  share  of  machine  and  auxiliary  time  in  item 
labor  requirements. 


To6m^  —  T'o6m 


■  i/ <=5  ,  i  i/ 

‘‘V  ■g"''  ‘K  "A 
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It  is  difficult  in  practice,  however,  to  employ  formula  (1.10)  at  this 
stage  of  preproduction,  due  to  the  lack  of  requisite  input  data  on  machine 
and  auxiliary  time. 

The  above-described  methods  of  calculating  M  and  L  make  it  possible  to 
utilize  the  following  formula  to  obtain  production  cost: 

+  (' +  ■^)  rub/unit,  (1-11) 

where  —  indirect  shop  expenditures  as  a  percentage  of  basic  wages  of 
production  workers;  K2  —  general  plant  indirect  expenditures  as  a  per¬ 
centage  of  basic  wages  of  production  workers;  K3  —  outlays  additional  to 
production  costs,  as  a  percentage  of  indirect  costs  (indirect  costs  — 
quantity  contained  in  square  brackets);  average  value  K2=2-7;  a  —  per¬ 
centage  of  supplementary  wages  and  additional  social  insurance  payments 
(a=ll-15%) . 

Quantities  and  K2  are  known  for  each  enterprise  and  are  fairly  stable 
(if  the  adoption  of  a  new  piece  of  machinery  does  not  require  radical 
changes  in  production  process  and  organization,  such  as  production  automa¬ 
tion)  .  We  list  below  the  average  values  of  and  K2  for  several  branches 
of  machine  building,  as  percentages  of  basic  wages  of  production  workers. 


Branch : 

^2 

Agricultural  Machine  Building 

250 

100 

Automotive  and  Tractor  Machine  Building 

350 

80 

Transport  Machine  Building 

300 

180 

Heavy  Machine  Building 

200 

80 

Listed  below  are  average  and  K2  values  as  a 

percentage  of 

basic  1 

production  workers  at  several  machine  building 

plants. 

Plants : 

% 

K2 

Tractor 

300 

65 

Carburetor 

200 

50 

Turbine 

400 

100 

Reduction  Gear 

225 

80 

Diesel 

225 

95 

Excavator 

240 

80 

Materials  Handling  Equipmeht 

300 

150 

Thus  the  percentage  of  shop  and  general  plant  indirect  expenditures  is 
determined  by  the  specific  features  of  production  at  specific  plants  — 
their  manufacturing  process  and  organizational  features,  which  are 
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determined  to  a  considerable  degree  by  the  scale  of  production  and  labor 
requirements  of  the  products  manufactured.  Therefore  quantities  and  K2 
in  production  cost  calculations  with  formula  (1.11)  should  correspond  to 
the  production  conditions  at  specific  plants. 

Calculation  by  the  point  method.  An  approximate  estimate  of  the  cost  of 
producing  a  new  item  at  industrial  plants  can  also  be  performed  on  the  basis 
of  the  so-called  point  method.  Essentially  this  method  consists  in  the 
following:  the  principal  design  and  operational  characteristics  of  a  new  item 
o  f  machinery  —  size,  speed,  load  capacity,  etc  —  are  estimated  with 
arbitrary  points.  The  maximum  point  value  for  each  parameter  should  be 
small,  in  the  order  of  2-3,  and  it  is  desirable  to  estimate  this  value  in 
conformity  with  the  degree  of  influence  of  each  of  the  examined  parameters 
on  production  cost.  For  many  machines,  for  example,  weight  exerts  the 
greatest  influence  on  production  cost,  and  therefore  the  maximum  point 
value  is  taken  as  3  for  this  parameter,  and  2  for  all  other  parameters. 

One  should  consider  the  type  of  machinery  being  estimated  in  selecting  the 
maximum  value  of  each  parameter.  For  example,  in  place  of  a  uniform  sys¬ 
tem  of  points  for  all  internal  combustion  engines  of  transport  equipment, 
it  is  advisable  to  designate  with  a  separate  system  of  points,  for  example, 
motors  up  to  30  horsepower,  with  another  category  containing  engines  up  to 
100-150  hp,  a  third  category  —  up  to  400  hp,  a  fourth  —  up  to  1,200  hp, 
proceeding  in  like  manner  in  respect  to  other  parameters.  This  will 
produce  greater  accuracy  of  computation  results. 

In  each  case  the  grouping  should  be  based  on  distinctive  features  and 
characteristics  of  the  corresponding  machinery  items  and  the  adopted  sys¬ 
tem  of  classification.  As  a  rule  the  simplest  —  linear  —  form  of  rela¬ 
tion  is  employed.  This  is  entirely  admissible,  since  processing  of 
statistical  materials  and  data  on  a  new-deslgn  piece  of  machinery  is  con¬ 
ducted  according  to  a  uniform  method.  In  plotting  graphs  one  proceeds  from 
the  position  that  production  cost,  for  example,  can  be  considered  directly 
proportional  to  engine  horsepower,  truck  load  capacity,  category  of 
machining  precision,  but  is  inversely  proportional  to  the  scale  of  produc¬ 
tion. 
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Figure  1.3  (cont’d  on  following  page) 
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Figure  1.3.  System  of  Points  for  Calculating  Production  Cost  of  Universal 
Screw-Cutting  Lathes 

Key  to  figure:  1  —  ratio  of  maximum  to  minimum  spindle  rpm;  2  —  number  of 
feed  rates;  3  —  drive  horsepower;  4  —  distance  between  centers;  5  — 
workpiece  diameter;  6  —  weight  of  machine  tool;  7  —  points;  8  —  kw; 

9  —  kg 


Figure  1.3  contains  an  example  of  a  point  system  for  calculating  the  produc¬ 
tion  cost  of  universal  screw-cutting  lathes  in  the  design  process.  Follow¬ 
ing  are  the  principal  parameters,  known  at  an  early  stage  of  design:  ratio 
of  maximum  to  minimum  spindle  rpm;  number  of  feed  rates  n^^;  power  of  main 
drive  motor  Njjp  in  kw;  maximum  distance  between  centers  1  in  mm;  maximum 
workpiece  outside  diameter  dmav  in  mm  ;  weight  of  machine  tool  G  in  kg. 

The  maximum  point  value  for  all  parameters  other  than  weight  is  2,  with  3 
for  weight,  since  we  know  from  practical  experience  that  the  weight  of  a 
machine  tool  exerts  greater  influence  on  production  cost  than  the  other 
parameters. 

The  points  obtained  for  each  of  the  target  parameters  are  added  up.  In 
order  to  estimate  machinery  production  cost,  the  point  total  is  multiplied 
by  a  value  multiplier  which  is  constant  for  each  plant  or  branch.  In 
order  to  determine  its  magnitude  the  actual  production  costs  of  similar 
machinery  previously  manufactured  are  divided  by  the  corresponding  total 
point  values  obtained  for  them.  The  mean  arithmetic  value  of  the  obtained 
quantities  is  taken  as  the  value  multiplier  for  estimating  new  designs. 

Table  1.5  contains  an  example  of  an  analysis  of  point  values  and  determina¬ 
tion  of  a  value  multiplier  for  three  Soviet-made  engine  lathes;  the  value 
multiplier  has  been  determined  for  each  of  them,  as  well  as  the  average 
value  which  can  be  utilized  to  calculate  the  production  cost  of  the  planned 
machine  tools. 

Figure  1.4  contains  an  example  of  a  point  system  for  calculating  the 
production  cost  of  a  newly-designed  truck  with  engine  horsepower  N(|b~200  hp, 
load  capacity  q=6  t,  top  speed  Vma-!f=100  km/h,  and  with  eight  wheels  (in¬ 
cluding  two  spares),  size  9.00-20. 

E  points  =  1.5  +  0.9  +  2  +  1.5  =  5.9. 
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Table  1.5.  Calculation  of  Magnitude  of  Value  Multiplier  for  Engine  Lathes 
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Key  to  table:  1  —  parameter;  2  —  lathes;  3  —  absolute  value;  4  —  point 
value;  5  —  ratio  of  spindle  rpm  number;  6  —  number  of  feed  rates;  7  — 
power  of  main  drive  motor,  in  kw;  8  —  maximum  distance  between  centers,  mm; 
9  —  maximum  workpiece  machining  diameter,  mm;  10  —  weight  of  machine  tool, 
kg;  11  —  machine  tool  cost,  rubles;  12  —  total  point  value;  13  —  value 
multiplier  in  rub/points;  14  —  average  value  multiplier  in  rub/points 


Figure  1.4.  System  of  Points  for  Calculating  the  Production  Cost  of  Trucks 

Key  to  figure:  1  —  engine  horsepower;  2  —  points;  3  —  load  capacity;  4  — 
top  speed;  5  —  number  of  wheels  times  size  in  inches 
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If  the  average  value  multiplier  for  plants  manufacturing  trucks  of  a  given 
type  is  350  rub/points,  then 

Sjj  =  5.9  X  350  =  2,065  rub/unit. 

On  the  whole  this  method  provides  satisfactory  results  for  subsequent  ef¬ 
fectiveness  calculations  at  the  earliest  preproduction  stages.  When  it  is 
utilized  for  production  cost  calculations,  it  is  most  important  correctly 
to  select  technical  and  operating  parameters.  They  should  be  small  in 
number  (not  more  than  4-6) ,  and  they  should  in  fact  exert  the  greatest  in¬ 
fluence  on  vehicle  production  cost. 

The  point  method,  with  correct  selection  of  input  parameters,  can  provide 
more  accurate  calculation  results  than  the  method  of  calculation  on  the 
basis  of  specific  indicators.  In  contrast  to  the  latter,  production  cost 
here  is  an  integral  index.  It  takes  into  account  the  influence  of  several 
parameters,  and  therefore  errors  which  may  arise  in  calculating  only  on 
one  or  two  parameters  (method  of  calculating  production  cost  on  the  basis  of 
specific  indicators)  are  leveled  to  a  certain  degree. 

Warranted  employment  of  the  above  method  depends  on  amassing  a  sufficient 
quantity  of  statistical  materials  in  order  to  obtain  a  value  multiplier. 

Calculation  based  on  correlations.  Establishment  of  the  relationship  be¬ 
tween  production  cost,  technical  and  operation  parameters  can  also  be 
effected  with  the  aid  of  correlation  analysis  methods. 

Since  this  method  makes  it  possible  to  obtain  the  most  accurate  results  in 
estimating  production  cost  and  is  the  most  promising,  we  should  examine  it 
in  greater  detail. 


Correlations  are  defined  as  relations  whereby  several  values  of  one  in¬ 
dicator  may  correspond  to  each  value  of  another,  but  at  the  same  time  changes 
in  one  indicator  produce  logical  changes  in  another. 


A  correlation  or  absence  of  a  correlation  is  frequently  established 
graphically,  by  plotting  a  so-called  correlation  field  (Figures  1.5  and  1.6) 
[14]. 


Figure  1.5.  Relationship  Between  Truck  Weight  and  Cost  of  Production  (example 
of  correlation  field  plotting) 
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Figure  1.6.  Relation  Between  Truck  Weight  and  Production  Cost  (example  of 
absence  of  correlation  between  two  attributes) 
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Figure  1.5  shows  the  relationship  between  the  weight  of  specific  vehicles  and 
the  cost  of  producing  them.  Although  the  points  which  describe  the  relation¬ 
ship  between  these  two  parameters  show  a  certain  degree  of  dispersion,  all 
are  located  along  an  axis  (the  dash-dot  line) , ,  and  it  is  quite  logical  to  as¬ 
sume  that  there  is  a  fairly  close  correlation  between  them.  If  all  points 
coincide  with  the  dash-dot  line,  it  would  indicate  not  a  correlation  but 
rather  a  functional  relationship  between  parameters. 

On  the  other  hand,  in  Figure  1.6  there  is  lacking  any  appreciable  relation¬ 
ship  between  weight  and  production  cost.  Therefore  in  this  case  a  correla¬ 
tion  analysis  does  not  enable  one  to  establish  a  sufficiently  well-sub¬ 
stantiated  relationship  between  parameters. 

In  order  to  establish  a  correlation  it  is  necessary  to  possess  certain 
statistical  data  (a  minimum  of  three  or  four) ,  and  it  is  desirable  that  they 
be  distributed  as  uniformly  as  possible  across  the  target  interval. 

Just  as  in  calculating  with  the  point  method,  it  is  necessary  to  select 
the  most  important  machinery  technical  and  operation  parameters  which  affect 
production  cost  and  to  investigate  their  relationships. 

In  the  general  case  the  procedure  of  performing  a  correlation  analysis  is 
approximately  the  following;  selection  of  dependent  indicator  proceeding 
from  the  aims  of  the  investigation,  selection  of  parameter-arguments,  adop¬ 
tion  of  a  hypothesis  on  form  of  relationship,  selection  and  forming  of  in¬ 
put  statistical  data  for  subsequent  mathematical  model  solution. 

Selection  of  input  data  is  of  exceptional  Importance  in  constructing  a  cor¬ 
rect  correlation  formula. 

The  accuracy  of  correlation  formulas  is  determined  in  large  measure  by  the 
quantity  of  input  data  utilized,  since  averaging  of  the  influence  of  each 
considered  parameter-on  the  dependent  variable  constitutes  the  essence  of 
correlation  calculations.  However,  inclusion  of  a  large  number  of  input 
data  in  the  calculation  without  thorough  preliminary  selection  can  lead  to 
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a  formula  which  is  practically  impossible  to  utilize  even  with  a  computer, 
since  the  number  of  different  combinations  of  parameter-arguments  0  is 
equal  to  the  total  number  of  their  combinations  and  is  determined  by  the 
expression 

i 

0=V - - =  2“— 1,  (1.12) 

ii=i 


where  i  —  total  number  of  parameter-arguments  included  in  the  initial 
model;  h  —  number  of  parameters  investigated  simultaneously. 

With  10  parameters  the  number  of  correlation  formulas  which  must  be  solved 
will  be  1,023,  1,048,575  with  20  parameters  and  33,554,431  with  25  parameters, 
which  will  require  an  enormous  time  expenditure  even  for  high-speed  computers. 

Therefore  in  order  to  select  the  most  Important  parameters,  one  initially 
examines  the  Influence  of  all  selected  parameter-arguments  and  then  gradually 
discards  those  parameters  which  do  not  substantially  influence  the  dependent 
indicator,  until  there  remain  those  parameters  which  with  the  selected  form 
of  relationship  exert  the  most  substantial  combined  influence  on  the 
dependent  variable.  This  problem  is  solved  more  simply  by  verifying  partial 
correlation  factors  (see  below) . 

A  paired  correlation  between  production  cost  and  any  machinery  parameter  can 
be  expressed  in  the  form  of  a  linear  equation  of  the  type 

_ y=^o±aiXi_  (1.13) 

or,  with  a  curvilinear  form  of  correlation  field,  in  the  form  of  an  equation 
of  the  type 

y  =  ao  +  ai}A‘,  (1.14) 

where  y  —  dependent  parameter  (for  example,  machinery  production  cost) ; 

Xj^  —  target  parameter  (parameter-argument);  ag,  a^,  b^^  —  equation  constant 
coefficients  which  characterize  the  degree  of  influence  of  the  target  para¬ 
meter  on  production  cost. 

Correlation  parameters  can  be  obtained  by  various  methods;  least  squares, 
point,  graphic,  breakdown  of  the  aggregate  of  target  items  into  groups  on 
the  basis  of  number  of  sought  parameters,  and  subsequent  presentation  of 
the  relationship  between  average-group  indices  as  functional,  linear 
programming,  and  others  [16] . 

The  method  of  least  squares  is  the  most  widely  employed  method  in  solving 
correlation  models.  It  corresponds  better  than  other  methods  to  the  idea  of 
averaging  both  the  individual  influence  of  the  factors  considered  and  the 
overall  influence  of  those  which  are  not  taken  into  account;  on  the  basis  of 
this  method  one  can  easily  determine  the  statistical  relationship  closeness 
characteristics  required  to  evaluate  analysis  results. 
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The  law  of  least  squares  can  be  formulated  as  follows:  the  sum  of  the  squares 
of  deviations  of  actual  ordinates  from  ordinates  calculated  with  the  relation 
ship  line  equation,  should  be  least,  that  is 

2 'i/i  -  min,  (1,15) 

where  —  actual  ordinate  of  any  point  in  the  correlation  field;  y^  — 
ordinate  computed  by  the  correlation  equation  (let  us  assume  that 
yx~^0’’'^l^) »  the  line  over  y  signifies  that  this  is  the  average  computed  or¬ 
dinate,  while  subscript  x  signifies  that  we  are  dealing  with  a  correlation 
between  the  y  ordinates  and  the  x  abscissas. 

We  shall  give  an  example  which  illustrates  this  law.  Let  the  relationship 
between  Indices  x  and  y  (for  example,  truck  load  capacity  in  tons  and  its 
cost  of  production)  be  characterized  by  the  following  figures: 


X 

y 

2.5 

950 

4,0 

1400 

7.0 

3200 

12,0 

5700 

We  shall  plot  a  correlation  field  curve  from  these  figures  (Figure  1.7). 
Let  us  assume  that  it  has  been  established  by  examination  of  the  essence 
of  the  phenomenon  that  the  relationship  between  indices  x  and  y  should  be 
linear,  of  the  type 

y=ao+aix. 
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Figure  1.7.  Variants  of  Straight  Lines  Expressing  a  Rectilinear  Correlation 
Between  the  Dependent  Index  and  Parameter-Argument 

However,  under  the  influence  of  many  factors  (for  example,  a  difference  of 
scale  of  production),  points  1,  2,  3  and  4  do  not  fall  on  a  straight  line, 
that  is,  there  is  no  functional  relationship.  Let  us  examine  three  variant 
straight  lines  of  many  possible  ones  which  could  substitute  for  actual 
values  of  y,  forming  a  broken  line  (dashed  line  on  the  diagram).  This  sub¬ 
stitution  is  necessary  in  order  to  plot  a  curve  corresponding  to  the  linear 


relationship  between  y  and  x.  Replacing  the  broken  line  with  a  straight  line, 
we  eliminate  the  influence  of  factors  which  cause  deviation  of  actual  data. 

Let  straight  line  I  pass  through  points  1  and  4.  It  will  intersect  the  Y-axis 
at  mark  -300.  In  this  instance  its  equation  will  be  expressed  as  follows: 

r/i  —  300  -f  x  tg  a. 

Since  the  straight  line  passes  through  point  4, 

tg=.=-5™^  =  600; 


then  the  equation  of  straight  line  I  will  assume  the  following  form: 


yi  =  500x  -  300. 


The  second  possible  straight  line  (line  II)  passes  between  all  four  points; 
its  equation  is 

y2  =  250  +  392x, 

and  of  line  III 

y3  =  0  +  393x. 

In  this  case  we  have  obtained  an  equation  of  the  straight  line  which  passes 
through  the  origin  of  coordinates  and  consequently  possesses  equation  term 

ao=0. 

On  the  basis  of  differences  in  actual  ordinates  y^  and  ordinates  calculated 
by  the  three  equations  y^,  we  shall  determine  the  sum  of  the  squares  of  these 
deviations,  that  is,  ^Cyi-y^)^* 
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Table  1.6.  Calculations  of_Sums_of  Squares  of  Deviations  of  Actual  Ordinates 
y  from  Computed  Ordinates  yxj^>  ^^2*  ^X3 
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Table  1.6  contains  all  calculations,  from  which  it  is  apparent  that  for 
each  straight  line  there  is  obtained  a  characteristic  sum  of  squares 
E(yi-yx)2,  and  the  smaller  this  sum,  the  better  is  satisfied  law 

Straight  line  I  (see  Figure  1.7)  has  a  sum  of  squares  of  deviations  equal 
to  92,500.  It  is  less  than  that  of  the  other  straight  lines.  Consequently, 
if  we  limit  ourselves  to  this  approximation  to  the  minimum,  replacement  of 
individual  particular  values  of  y  with  values  corresponding  to  a  rectilinear 
relation,  should  be  performed  on  the  basis  of  the  equation  of  straight  line  I: 

y]^  =  500x  -  300. 

The  closeness  or  strength  of  relationship  between  cost  and  each  of  the  para¬ 
meters,  which  characterizes  the  dispersion  of  the  entire  aggregate  of  actual 
data  relative  to  a  line  computed  with  the  correlation  equation,  is  expressed 
by  correlation  coefficient 

y2(x-x)^I.(!/-tj)^  _ _ _ _ 


where  x  and  y  —  features  (for  example,  technical  parameter  and  production 
cost);  X  and  y  —  average  values  of  features. 
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Table  1.7.  Auxiliary  Computations  for  Calculations  of  Relationship  Equations 
and  Correlation  Coefficient 


Closeness  of  correlation  is  usually  considered  satisfactory  if  the  obtained 
correlation  coefficient  values  exceed  0.5. 

The  correlation  equation  with  a  linear  form  of  relationship  can  also  be  ob¬ 
tained  as  follows: 


(1.17) 

1,{x  —  xP 
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Let  us  examine  the  practice  of  calculations  of  formula  (1.17)  with  the 
example  on  page  28. 

Auxiliary  computations  for  calculations  of  equations  of  relationship  and 
correlation  coefficient  are  summarized  in  Table  1.7. 


Average  values  of  x  and  y  are  equal  to 
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4 

According  to  the  figures  in  Table  1.7  and  formula  (1.17) 

24  656 


y  — 2810  = 


52,7 


(a: -6,4). 


Following  transformations  y  =  468x  -  184,  that  is,  the  obtained  equation  is 
the  closest  to  the  equation  found  for  straight  line  I  (see  page  29) . 

A  correlation  coefficient  calculated  according  to  equation (1.16)  will  be 


r  — 


— =JJJiL=  =  0  975 
Y  52,7-12  131900  ’  ’ 


that  is,  the  obtained  correlation  is  close  to  the  functional  (r=l). 


In  the  absence  of  a  close  relationship  between  specifications  (for  example, 
weight  of  machinery  and  its  service  life,  size  and  operating  speeds,  etc), 
determined  on  the  basis  of  a  correlation  coefficient,  one  can  obtain  produc¬ 
tion  cost  as  an  Integral  index  with  fomulas  of  the  type 


or 


n 

2(«o  +  a.xJ 

-  (1.18) 

y  =  - - - - ,  (1.19) 


where  n  —  number  of  parameters  taken  into  account. 

With  this  method  of  calculation,  as  in  the  point  method,  there  occurs  averag¬ 
ing  of  deviations,  and  the  obtained  result  is  fairly  accurate.  The  result 
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becomes  more  accurate  with  an  increase  in  the  number  of  parameters  con¬ 
sidered  and  with  a  sufficient  closeness  of  correlation  between  production 
cost  and  specifications. 

If  such  a  relationship  exists  not  only  between  production  cost  and  specifica¬ 
tions  but  also  between  the  parameters  proper,  one  can  employ  an  even  more 
accurate  method  of  calculation  on  the  basis  of  multiple  correlation.  This 
relation  makes  it  possible  to  elucidate  and  evaluate  parameters  which  exert 
the  greatest  influence  on  change  in  production  cost. 

A  linear-type  multiple  correlation  model  can  be  written  in  the  following 
form: 

i/  =  ao  +  ai-^i.+  a2^2+ .  •  ■  +  (1.20) 


where  aQ,  aj^,  a2...,  a^^  —  constants. 

Let  us  present  our  initial  statistical  material  in  the  form  of  an  input  data 
matrix  [15,  16]: 


•%) 

^12,  %3,  •  ■ 

•  ^Iti’  ifl’ 

.^21) 

•^22i  .^23)  •  • 

•  >  •^2n.  Uz't 

.^31) 

^32)  •^33>  •  • 

•  .  ^Zny  yz> 

.  •'"A'l 

^N2<  ^NZ’  • 

•  •  ’  ^Nn  >  Vn' 

(1.21) 


In  this  matrix  the  colxrains  ^i2»  etc)  are  various  machine  parameters, 

and  the  rows  X2]^,  etc)  are  machinery  variants  (modifications). 

If  the  characteristics  of  individual  matrix  columns  are  Interlinked  with 
the  elements  of  other  columns,  the  linear  form  of  relationship  can  be 
expressed  in  the  form  of  an  equation  of  type  (1.20). 

If  the  method  of  least  squares  has  been  selected  as  an  optimizing  condition 
[see  formula  (1.15)],  then  in  order  to  determine  parameters  we  can  write  the 
specific  function  as 


4 

[y  =  (1.22) 


where  y^  —  calculated  value  of  dependent  variable;  y^  —  actual  value  of 
dependent  variable. 
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In  place  of  we  can  substitute  its  value  proceeding  from  the  linear  form 
of  the  model;  then 

y  =  'L  {y  ~  <^o  —  —  QiXi—  .  .  .  — =  min.  (1.23) 

We  then  find  in  sequence  and  equate  to  zero  the  first  derivatives  from 
quantities  Sq,  aj^,  a^,  a^^,  for  example; 


— ^  (//  —  ^0  '  ^2-^2 
dai 


■  —  a„x„)(—Xi)==0. 


Removing  the  parentheses  and  carrying  the  constant  factors  beyond  the  sum 
sign,  we  obtain 

—  2  2]  Xj//  -f-  2ao  2  +  2ai  2  + 

+  2^2  2  AVV2  +  .  .  .  -h  2fl„  2  ^  0, 

whence 

floS^i +«2S^1^2+  ••  •  +  'LxiX^  =  Xx-yy 


etc. 


As  a  result  we  obtain  a  system  of  N  equations  with  n  unknowns  (according  to 
number  of  parameters  a^) 


UqN  +  2  +  ^2  S  -’^2  +  •  •  •  +  2  ■‘^n  —  > 

+  «2S%^2+ .  ==  . 

aoS^2  +  aiS^1^2  +  022^2  +  •  •  •  +  0'/l2-’^2-^'n  =  'Ey  ■'^2, 

flo  2  4"  ni2-^i^A^  4~  n22'''2^Af  ■'4"  2  ~  2^'^yj^ 


If  we  designate  I.XiXj  =  aij  =  aji,  2Xi  =  aoi=«oi;  _^yxi=aiy  and  N=aQQ  and 

utilize  the  matrix  form  of  notation,  then 


^00^01^02  •  • 
^10^11^12  •  • 
^20^21*^22  • 

•  ao« 

•  «ln 

X 

Qq 

Ol 

Oz 

.  =  . 

aiy 

0.21/ 

^No‘^Nl^N2  • 

■  ■  ^Nn 

.^Ny  , 

(1.24) 
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The  coefficients  and  absolute  terms  of  the  obtained  system  form  a  so-called 
Gram  matrix.  Parameters  aj_  are  found  by  means  of  system  solving. 

With  the  manual  method  of  solution  the  method  of  square  roots  and  method  of 
sequential  exclusion  of  unknowns  (the  Gauss  method)  may  prove  effective,  and 
with  computer  solving  —  the  method  of  sequential  approximations  (the 
Seidel  method)  or  the  Gauss  method. 

The  obtained  correlation  formulas  should  be  evaluated  for  the  purpose  of 
determining  their  suitability  for  practical  utilization. 

Correlation  n  constitutes  a  synthesizing  indicator  of  the  quality  of  correla¬ 
tion  formulas  [16].  It  reflects  an  increase  in  correspondence  between  cal¬ 
culated  y  and  actual  values  y  of  the  dependent  index  when  utilizing  a  cor¬ 
relation  formula  in  comparison  with  determination  of  the  calculated  value  for 
all  items  as  arithmetical  mean  y. 

It  has  been  proven  that 

S  ('Z  -  y)*  <  S  (y  -  J)".  (1.2^ 

The  closer  the  relationship  and  the  closer  calculated  to  actual  values,  the 
smaller  the  fraction 

2(i/-P)2 


and  the  closer  to  1  correlation 

.  (1.26) 

One  can  judge  closeness  of  relationship  by  the  magnitude  of  the  correlation, 
by  the  degree  of  its  closeness  to  1. 

For  linear  models  the  value  of  the  correlation  coincides  with  the  correla¬ 
tion  coefficient,  but  calculation  of  the  latter  requires  a  smaller  number  of 
computations. 

A  multiple  correlation  coefficient  for  multifactor  models  £  3  “n» 

reflects  the  closeness  of  relationship  between  index  y  and  ’  ’  ’  ’ 

all  others,  beginning  with  the  first  and  ending  with  the  n,  can  be  calculated 
in  the  following  manner: 

^i,  2,  3.  ....  n  ~ 

(1.27) 
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or 


r 


1.  2,  3, 


«■  («ooa/j,  —  aoy 


^2  »2 
°y°-oy 


(1.28) 


where  a 


y 


root-mean-square  deviation. 


After  performing  the  calculations  one  should  determine  that  the  results  of 
a  selective  study  (selected  set)  can  extend  to  the  entire  population.  In 
other  words  it  is  necessary  to  estimate  the  compatibility  of  the  magnitude 
of  the  correlation  factor  obtained  in  a  selective  examination  with  the 
hypothesis  of  its  equality  to  zero  in  the  population.  If  the  probability  of 
such  compatibility  is  low,  a  relationship  between  the  dependent  variable  and 
investigated  parameter-arguments  in  the  population  does  indeed  exist. 


Figure  1.8.  Schematic  Diagram  of  Algorithm  and  Computer  Program  for  Solving 
Multiple-Factor  Linear  Correlation  Models  (AINF  Block  Diagram) 
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Key  to  Figure  1.8  on  preceding  page:  1  —  input  data  entry;  2  —  formation 
of  Gram  matrix;  3  —  determination  of  root-mean-square  deviations;  4  — 
solution  of  initial  system  (determination  of  parameters  a^);  5  —  determina¬ 
tion  of  multiple  correlation  factor;  6  — •  zero  cycle;  7  —  large  cycle; 

8  —  discarded  factor  counter  (large  cycle  counter);  9  —  comparison  of 
number  of  discarded  factors  d  with  their  initial  number  m;  10  —  determina¬ 
tion  of  partial  correlation  factors;  11  —  end;  12  —  selection  of  least 
quantity  f  of  factors  remaining  untested;  13  —  deletion  in  remaining  Gram 
matrix  of  the  column  and  row  corresponding  to  the  factor  being  verified; 

14  —  system  solution  (determination  of  parameters  a^^) ;  15  —  determination 
of  quantities;  16  —  small  cycle;  17  —  determination  of  partial  correlation 
factor  r;  18  —  determination  of  multiple  correlation  factor  R;  19  —  com¬ 
parison;  20  —  essential  factor  g  counter  (small  cycle  counter) ;  21  —  com¬ 
parison  of  number  of  important  factors  with  number  of  factors  retained  at 
the  beginning  of  a  major  cycle  (m-d) 


The  methods  of  such  a  verification  are  described  in  the  special  literature 
(for  example,  [16]).  The  entire  procedure  of  calculations  and  verification 
of  multiple-factor  linear  correlation  models  when  solving  on  a  computer 
(AINF  block-diagram)  is  shown  in  Figure  1.8  [16]. 

Let  us  examine  the  example  of  construction  of  a  linear-type  correlation 
equation  by  the  Guass  method. 

Let  us  assume  that  we  have  a  limited  quantity  of  data  on  several  vehicle 
models  (Table  1.8). 

Table  1.8.  Input  Data  on  Truck  Model 


1  ^ 

MoAeJib 

2 

riapaMerpH 

CefiecTO-  Q 

HMOCTb  S  J 

B  TbIC. 

pye./iuT. 

rpyao-A 

noAtCM” 
HOCTb  q 

B  tn 

5  Bee 

6e3  rpyaa 
G  B  m 

3  MOUlHOCTb 
ABHrareJin 

N ^  B  A,  c. 

■7  Macmrad 
fomycKa 

B  TblC. 

lUT/roA 

A 

0,95 

2,5 

2,7 

70 

120 

5 

1,40 

4,0 

4,1 

97 

100 

B 

3,20 

7,0 

6.4 

120 

30 

5,70 

12,0 

11,3 

180 

12 

Key  to  table:  1  —  model;  2  —  parameters;  3  —  production  cost  S  in  thousand 
rub/unlts;  4  —  load  capacity  q  in  tons;  5  —  empty  weight  G,  tons;  6  — 
engine  horsepower  N^;  7  —  scale  of  production  in  thousand  units  per  year 


S  is  a  dependent  variable.  The  input  data  matrix  can  be  written  in  the  form 
of  matrix  (1.21): 
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s 

Q 

G 

N, 

^  zod 

0,95 

2,5 

2,7 

70 

120 

1,40 

4,0 

4.1  . 

97 

ICO 

3,20 

7.0 

6,4 

120 

30 

5,70 

12,0 

11,3 

180 

12 

y 

^1 

Xj 

X3] 

Xi 

In  this  instance  the  matrix  is  in  the  general  form  (1.24),  while  the  desired 
equation  is  in  the  form 


y  =  CLa-\-  O-l^i  +  02-^2  "i"  H” 


Let  us  examine  the  parameters  of  matrix  (1,24): 


X)  =  aij  =  aji ; 

33)  ; 

N 

floo— (number  of  equations); 


floi  —  ^10  —  2''*!  —  2,5  -f-  4,0  +  7,0  +  12,0  =  25,5; 
ao2  =  ^20  =  2^2  =  2,7+4,1+6,4+11,3  =  24,5; 

^03  ~  ^30  2^3  ~  ^0  +  97  +  120  +  180  =  467; 

^04  ~  ^40  ~  2''^4  ~  100  +  30  +  12  =  262; 

an  =  Sx2  =  2,52  +  4*  +  7*  +  12^  =  215,25; 

^12  =  0^21  =  2‘''1'^2  =  2,5  •  2,7  +  4-4,1  +  7-6,4  + 

+  12-11,3  =  203,55; 

fli3  =  ^31  =  2-^i^3  ~  2,5-70  +  4-97  +  7- 120  + 12- 180=3563; 
fli4  =  ^41  =2-^i''^4~  2,5  - 120  +  4  - 100  +  7  -  30  +  12  - 12  =  1054; 
022  =  2^^  =  2,7“ +  4, 12  + 6,43+  11,32=  192,75; 

^23  =  ^33  =  2-^2''^3  =  2,7  -  70  +4,1-  97  -|-  6,4  •  1 20  + 

+  11,3-180  =  3388,7; 

024  =  ^42  =  2^2>^4  =  2,7-120  +  4,1-100  +  6,4-30  + 

+  11,3-12  =  1061,6;' 

033  =  2^3  =  702  ^  972  ]202  +  1802  =  61  100; 

n34  =  n43  =  2^3^4  =  70-120  +  97-100  f  120-30  + 

+  180-12  =  23  860; 

^44  =  2^4  =  1202  1002  +  302  +  12^  =  25  444. 

We  then  examine  parameters  v„v  — n  - 

ZilfXi  —  ^iy. 

aoy  =  21/  =  0.95  +  1,4  +  3,2  +  5,7  =  1 1,25; 

«!!/  =  J+,^=jj-0, 95 +  4- 1,4 +  7-3,2+  12-5, 7  =  98,875; 
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^2j/  —  S  ^'ilJ  —  2,7-0,95  +  4,1  •  1,4  -f-  6, 4-3, 2  -1- 
+  11,3-5,7  =  93,249; 

“3!/  =-S^3l/  =  70-0,97+97-1,4  +  120-3,2  +180-5,7  =  1611,5; 

=120-0,95  +  100-1.4  +  30-3,2-+  12-5,7=418,4. 

Then,  utilizing  the  above-determined  numerical  values  of  the  parameters  of 
matrix  (1.24),  we  obtain  a  system  of  five  equations: 

1 1 ,25  =  5ao  +  25,5ai  +  24,5ao  +  467a3  +  26204, 

98,875  =  25,5oo  +  215,25ai  +203,5502  +  3563o3+1054o4; 

■  93,249  =24,5oo+203,55oi+192,75o2+3388,7o3+1061,6o4; 

161 1,5  =  4670o  +  3563oi  +  3388,7o2  +  61  10003+23  66O04; 

418,4  =  26200  +  105401  +  1061,6o2  +  23  86O03-+ 2544404 

or  after  simplification 

2,25  =  Qo  +  5,lfli  +  4,9o2  +  93,4o3  +  52,4o4; 

9,89  =  2,55ao  +  21,5ai  +  20,4o2  +  356,3o3  +  IO504; 

9,32  =  2,45oo+20,40i  +  19,302  +  38903  +  10604; 

16,1=  4,67flo  +  35,601  +  33,9o2  +  61 103  +  238,604: 

4,18  =  2,62Qo  +  10,5oi  +  10,6o2  +  238,603  254, 404. 


We  sequentially  solve  this  system  of  equations  in  order  to  exclude  parameter 
aQ: 

9_89  — 2,25-2,55  =  (21,5 —  5,1 -2,55) Oi  +  (20,4  — 4,9  X 
X  2.55) 02  +  (356,3  —  93,4-2, 55)03+(105  — 52,4-2,55)04: 

9,32  —  2,25-2,45  =  (20,4  — 5,1 -2,45)  Oi  +  (19,3  — 4,9  X 
X  2,45)  02  +  (389  —  93,4  -  2,45)  Og  +  ( 10  —  52,4  -  2,45)  a^, 

16, 1  -  2,25  -  4,67  =  (35,6  -  5, 1  -  4,67)  Oi  +  (33,9  -  4,9  X 
X  4,67)  02  +  (6 1 1  —  93,4  -  4,67)  03  +  (238,6  —  52,4  -  4,67)  04-, 

4,18  -  2,45-2,62  =  (10,5  — 5,1-2.62)01  +  (10,6  — 4,9  X 
X  2,62)  02  +  (238,6  —  93,4-2,62)03  +  (254,4-52,4-2.62)04 


and  obtain  a  new  system  of  four  equations: 

0,49  =  Oi  +  0,93o2  +  13,903  3,4fl4, 

0,52  =  1 ,08ai  +  02  +  2203  —  3, 104; 

0,56  =  1,1 801  +  l,lfl2  +  17,503  0,6104, 

1,71  =  2,86oi  +  2,203  +  6,103  —  1 17,204. 
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We  exclude  parameter  from  the  obtained  system  of  equations: 


0,52  —  0,49 ■  1 ,08 =(I  —  0,93- 1 ,08)  03+  (22  —  1 3,9 •  1 ,08)  + 

+  ( — 3,1  +  3,4- 1,08)04; 

0,56-0,49- 1,18  =  (1,1 -0,93- 1,18)  a3  4-(17,5- 

—  13,9- 1,18)  03  +  (-0,61  +  3,4- 1,18)  04: 

1 ,71  —  0,49  •  2,86  =  (2,2  —  0,93  •  2,86)  03  +(6,1  — 

—  1 3,9  •  2,86)  03  +  (-1 17,2  +  3,4  ■  2,86)  o^; 


following  transformations  we  obtain  a  system  of  three  equations: 


(  0,09  =  703  +  0,5704; 

—  0,02  =  1,103  +  3,404; 

— 0,68  ==  0^2  +  7303  +  231 ,604. 


Its  solution  provides  the  following  coefficient  values  of  equation  (1.20): 

04=  -- -0,01; 

03  =  0,013; 

02= —0,68  — 73-0,013  +  231,5-0,01  =0,686; 

=  0,49  -  0,93-0,686  -  13,9-0,013  -  3,4-0,01  =  -  0,36; 

Oo  =  2,25  +  5,1-0,36  —  4,9-0,686  —  93,4-0,013  + 

+  52,4-0,01  =  0,04. 


The  desired  equation  will  assume  the  following  form: 


y  =  0,04  —  0,36xi  +  0,686^2  +  0,013x3  —  0,01X4. 

After  replacing  values  x  and  y  with  the  appropriate  vehicle  parameters 
(see  page  37),  we  obtain  a  correlation  equation  for  finding  S: 

S  =  0;04  +  (0,686G  —  0^6q)  +  0,023A^  - 

-OjOlN  thousand  rub/unit.  (1.29) 

We  shall  verify  the  closeness  of  relationship  with  the  aid  of  a  multiple 
correlation  factor  according  to  formula  (1.27). 

n 

1  0,95+1,4  +  3,2+5,7  _  2  81' 

^  ~  n  4 
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y 

y-y 

(y-y)* 

0,95 

—1,86 

3,46 

1,40 

-1.41 

1,99 

3,20 

0,39 

0,15 

5,70 

2,89 

8,35 

113,95 

root-mean-square  deviation  will  be 


2  2(y  —  y)^  13,95  _ q  4q- 

□y  = - ;;; - 


. .=y  — ^T- 


/  —  0,36  (5-98,875—  11,25-25,5)  +  0,686  (5-93,249  - 
|/  ^  3 ,49  11, 252 


—  11.25-24.5)  4-0.013(5-1611, 5—  11,25-467)- 
3,49-11,252 


—  0,01  (5-418,4—  11,25-262) 
3,49-11,252 


’^l, . . .  ,4“®*^®’  which  can  be  considered  acceptable. 

Correlation  equation  parameters  can  also  be  obtained  on  the  basis  of  the 
paired  correlation  method  (by  utilizing  paired  correlation  coefficients) 
[16]. 


At  the  first  stage  one  determines  paired  correlation  coefficients  r^j , 
characterizing  the  closeness  of  relationship  between  i  and  j  indices  con¬ 
tained  in  the  model.  The  calculation  is  perfomed  with  conventional 
formulas,  such  as  (1.16)  or  with  formulas 


"Zx^Xj 


ZxiZxj 

N 


^'7  =  ' 


N 


(1.30) 


or 


rij  =  —  ytitj. 


(1.31) 
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where  fi  —  — — -  —  standardized  deviation;  —  arithmetic  mean; 

_ _ 

—  root-mean-square  deviation  of  i  index. 

A  system  of  standard  equations  is  formed  on  the  basis  of  paired  correlation 
coefficients;  however,  not  pertaining  to  equation  coefficients  proper  a^, 
but  rather  to  the  same  quantities  in  standardized  scale  3i* 

"I" 

+  P2  +  ^3^32+  •  •  •  +?r/n3  =  ''02 
+  ^2^2/1  +  P3^3n'^  •  •  •  ""  ^0n> 

B  —  coefficients  which  indicate  by  how  many  units  of  their  root-mean-square 
deviation  the  dependent  variable  value  should  change  with  a  change  in  cor¬ 
responding  arguments  also  by  one  root-mean-square  deviation.  The  correla¬ 
tion  equation  on  a  standardized  scale  has  the  form: 

^0  =  +  p24+  •  •  •  +Pn^n>  (1.33) 

where  t’^  —  calculated  value  of  standard  dependent  variable  deviation. 

Transition  from  3-coefficients  to  parameters  a^  takes  place  according  to 
modulus  ^ 

=  — .  (1.34) 

aj 

where  Oq  and  —  root-mean-square  deviations  of  the  dependent  variable 
and  1  parameter  of  the  argument. 

The  multiple  correlation  coefficient  with  this  method  of  calculation  can 
be  found  with  formula 

''1,2,3 . .  •  •  •■lPn'’on-  (1.35) 

An  example  of  derivation  of  a  correlation  formula  by  this  method  is  examined 
on  page  71. 


*  One  can  become  acquainted  with  the  terminology  of  correlation  theory  in 
the  special  literature,  for  example:  Yezekiel,  M. ,  and  Foks,  K.  A.:  "Metody 
anallza  korrelyatsiy  i  regressiy"  [Methods  of  Correlation  and  Regression 
Analysis],  Moscow,  Statistika,  1966;  Lukomskiy,  Ya.  I.:  "Teoriya  korrelyatsii 
i  yeye  primeneniye  k  anallzu  proizvodstva"  [Theory  of  Correlation  and  Its 
Application  to  Production  Analysis],  Moscow,  Gosstatizdat,  1958. 
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With  a  small  examined  set  and  a  small  number  of  parameter-arguments  (up  to 
3  or  4)  or  if  a  computer  is  available,  it  is  expedient  to  utilize  the  direct 
calculation  method,  which  ensures  a  high  degree  of  accuracy,  while  with  a 
large  volume  —  the  method  of  paired  correlations,  particularly  with  the 
manual  method  of  problem  solving  or  utilization  of  punched-card  equipment. 

In  preparing  input  data  for  calculating  production  cost  with  formula  (1.11), 
which  ensures  a  high  accuracy  of  calculations,  it  is  necessary  separately  to 
determine  outlays  on  basic  materials  M  and  wages  L.  The  latter  can  easily 
be  determined  through  labor  requirements  with  formula  (1.8).  Outlays  on 
materials  and  labor  requirements  of  machinery  manufacture  can  also  be  ex¬ 
pressed  in  the  form  of  correlations.  For  example,  labor  requirements  for 
the  manufacture  of  gang  tools  is  equal  to  [16] 

^  =  292,5  +  74,46rj,  +  44,7rt^„  +  35, 8^  +  194, 5G  norm-hours,  (1.36) 

where  ng  —  number  of  power  packs,  units;  n^j^  —  number  of  clamping  fixtures, 
units;  k  —  ratio  of  number  of  spindles  to  number  of  heads  on  machine  tools; 
G  —  machine  tool  weight,  kg. 

A  power  multiple  factor  model  (with  a  curvilinear  form  of  relationship)  can 
be  represented  in  the  form 


y  =  aox’i'xi’  .  .  .  4",  (1-37) 

where  y  —  dependent  parameter  (for  example,  machinery  manufacturing  costs 
in  rub/unit);  x^,  X2,  ...,  x^  —  figured-in  principal  parameters;  a^,,  b^, 
b2,  ...,  bjj  —  equation  constants  which  characterize  the  degree  of  in¬ 
fluence  of  the  figured-in  parameters  on  the  dependent  parameter. 

In  order  to  find  the  parameters  of  a  step  function  by  the  method  of  least 
squares,  it  is  reduced  to  linear  form  by  means  of  logarithmic  operation: 

lgF  =  lgao  +  i’ilg%  +  ^>2lg^2+ .  .  .  +6„lgA:„.  (1.38) 

We  shall  effect  replacement  of  variables: 

lgf/  =  2; 

ig  Oo  -■=  4; 

lgXi  =  «i; 

lgX2  =  «2; 


Then  the  multiple  correlation  equation  will  assume  the  form 

z  =  flo  +  5iWi  +  .  .  .  +5„u„.  (1.39; 
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The  equation  parameters  can  be  obtained  by  the  above- examined  methods.  After 
finding  parameters  by  means  of  taking  antilogatithms,  we  pass  to  sought 
equation  (1.37).  An  example  of  derivation  of  an  exponential  correlation 
formula  can  be  found  on  page  75. 

We  shall  cite  examples  of  exponential  correlation  functions.  The  relation¬ 
ship  between  machine  tool  production  cost  and  their  production-technical 
parameters  can  be  represented  in  the  following  form  [12]: 

^  rub/unit,  (1.40) 

where  Uq  —  constant  term,  determined  by  the  technical  features  of  the 
manufactured  machine  tool;  G  —  machine  tool  total  weight,  kg;  —  machine 
tool  number  from  initiation  of  manufacture  as  an  increasing  total  (takes 
into  account  the  factors  of  series  nanufactinre  and  number  of  years  of  machine 
tool  manufacture);  —  design  complexity  group;  —  process  equipment 

factor;  kg^  —  standardization  factor  (ratio  of  number  of  standardized  parts 
designations  to  total  number  of  parts  designations) ;  D  —  number  of  parts 
designations  in  machine  tool;  Xp,  Xp,  Xy^,-  Xg  —  super¬ 

scripts  indicating  degree  of  influence  on  production  cost  of  each  of  the 
factors  considered  in  this  formula. 

For  universal  lathes,  for  example,  formula  (1.40)  receives  the  following 
expression: 

rab/unlt.  (l.«) 


As  is  evident  from  the  formula,  the  greatest  influence  on  production  cost 
is  exerted  by  the  process  equipment  factor  (exponent  1.121),  design  com¬ 
plexity  group  (exponent  0.49)  and  standardization  factor  (exponent  0.994). 

The  remaining  parameters  influence  production  cost  to  a  significantly  lesser 
degree,  Figure  1.9  contains  a  nomogram  which  facilitates  calculations  on 
formula  (1.41). 

Studies  conducted  at  the  Khar'kov  Engineering  Economics  Institute  showed, 
for  example,  that  the  following  correlation  between  production  cost  and  tech¬ 
nical  factors  can  be  established  for  type  MP-14  DC  electrical  machines: 

=  rub/unit,  (1.42) 

where  G  —  machine  total  weight,  kg;  n^^,  —  armature  rpm;  Pjjj  —  power  output, 
in  kw;  Vjji  —  voltage. 

In  this  case  machine  weight  (exponent  0.3169)  is  the  determining  factor  for 
change  in  production  cost. 
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Figure  1.9.  Nomogram  for  Determining  Machine  Tool  Production  Cost  Based  on 
Production  and  Technical  Parameters 


Usually  the  closest  correlation  exists  between  production  cost  and  weight  — 
on  the  average  a  correlation  factor  of  0.6-0. 9  (for  tractors,  for  example, 
the  correlation  factor  is  0.864,  0.776  for  tractor  motors,  and  0.585  for 
molding  machines),  greater  than  0.6  between  production  cost  and  complexity 
of  repair,  and  also  between  production  cost  and  some  operating  parameters. 
Studies  have  shown,  for  example,  that  the  closeness  of  relationship  between 
production  cost  and  productivity  for  tractors  is  expressed  by  a  correlation 
factor  of  0.895,  and  0.864  for  molding  machines  [13]. 

Influence  of  scale  of  production  on  production  cost.  Different  production 
scales  are  connected  with  utilization  of  manufacturing  processes  which 
differ-  in  character  and  technological  level  —  casting  in  the  floor  or 
pressure  casting,  machining  on  universal  machine  tools  or  on  automatic 
lathes,  assembly  on  benches  or  conveyers,  processing  with  general-purpose 
or  special  high-output  equipment,  etc.  Employment  of  more  sophisticated 
manufacturing  processes  leads  to  reduced  labor  requirements  of  manufacture 
and  as  a  result  to  reduced  production  cost. 

An  increase  in  the  number  of  units  produced  increases  worker  labor  productivi¬ 
ty  due  to  greater  work  station  specialization  and  learned  worker  skills  in 
a  small  number  of  operations  performed,  and  substantially  reduces  the  labor 
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requirements  of  equipment  setups,  vAiich  in  the  final  analysis  also  leads  to 
a  decrease  in  production  cost. 

An  increase  in  the  scale  of  production  leads  to  a  decrease  in  standard 
materials  consumption  figures  by  means  of  employing  more  precise  manu¬ 
facturing  processes  (batch-type  rolling  operations,  precision  casting,  etc), 
which  ensure  that  the  dimensions  and  configuration  of  workpieces  are  closer 
to  those  of  the  finished  parts. 

One  should  also  bear  in  mind  that  with  an  increase  in  the  scale  of  production 
there  occurs  a  decrease  in  the  percentage  share  of  fixed  constant  expendi¬ 
tures  per  unit  of  product. 

Sc 
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Figure  1.10.  Relationship  Between  Relative  Machinery  Production  Cost  and 
Scale  of  Production 

Key  to  figure:  I  —  trucks;  II  —  agricultural  machinery;  III  —  lathes 


Thus  scale  of  production  exerts  great  influence  on  the  cost  of  manufacture 
both  of  an  entire  piece  of  machinery  and  of  its  individual  units  and 
assemblies. 

If  the  utilized  relations  have  been  derived  for  any  specific  scale  of 
production  which  differs  from  the  assumed  annual  output  of  the  machinery 
being  designed,  then  one  should  Introduce  into  the  formula  for  calculating 
the  production  cost  of  the  machinery  a  factor  which  takes  into  account 
change  in  production  cost  with  a  change  in  the  scale  (number  of  units  to  be 
produced)  of  manufacture.  This  should  not  be  done  only  if  this  factor  is 
taken  into  account  in  the  formula  structure  proper  [see,  for  example, 
formula  (1.29)]. 

Figure  1.10  shows  the  relationship  between  production  cost  and  scale  of 
production  for  trucks,  agricultural  machinery  and  lathes.  Gipromash  sug¬ 
gests  the  following  relationship  between  production  run  factor  6  and  the 
ratio  of  annual  output  of  old  machinery  Nye^ro  annual  output  of  new 

machinery  : 

yeciLn 

0,5  1,0  2,0  5,0  10,0  25,0  50,0 

5  0.97  1,00  1,12  1,25  1,37  1,54  1,66 
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Figure  1.11  shows  consolidated  relations  between  the  relative  production 
cost  and  degree  of  increase  of  enterprise  production  schedules.  Their 
value  lies  in  taking  into  account  a  differing  percentage  share  of  outlays 
on  materials  in  production  cost,  which  more  accurately  reflects  the  type 
of  production.  They  do  not  reflect,  however,  branch  features,  as  is  the 
case  in  Figure  1.9. 


Figure  1.11.  Relationship  between  relative  production  cost  and  production 
increase  taking  into  account  a  differing  percentage  share  of  outlays  for 
materials  M  in  the  structure  of  production  cost 


In  order  to  include  in  the  formula  a  factor  which  takes  into  account  the 
number  of  units  produced,  it  is  necessary  to  know  the  scale  of  production 
under  the  conditions  of  which  a  given  relationship  between  production  cost 
on  the  one  hand  and  technical  and  operation  parameters  on  the  other  is 
obtained,  and  the  proposed  scale  of  manufacture  for  the  newly-designed 
equipment.  Then  the  production  run  factor  (see  Figure  1.10)  is  equal  to 

(1.43) 

Some 


where  —  relative  production  cost  with  the  scale  of  manufacture  es¬ 

tablished  for  the  machinery  being  designed;  Sohiq  —  relative  production 

cost  at  the  production  scale  under  the  conditions  of  which  the  relation 
utilized  for  the  calculations  was  obtained. 

For  example,  to  calculate  the  cost  of  producing  a  new  truck  which  is  to  be 
manufactured  in  50,000  unit  per  year,  it  is  necessary  to  incorporate  in  the 
equation  for  calculating  production  cost  with  the  manufacture  of  10,000  units 
annually  (see  Figure  1.9)  a  factor  equal  to 


The  ambitious  job  of  determining  production  run  factors  for  various  pieces 
of  machinery  and  instruments  was  performed  by  L.  I.  Gamrat-Kurek  et  al  [5]. 
Table  1.9  contains  production  run  factors  for  various  machines.  The  values 
of  the  factors  are  indicated  in  relation  to  the  correlation  between  the 
scale  of  manufacture  of  a  newly-designed  machine  and  base  machine 

^yearo' 
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Table  1.9.  Production  Run  Factor  6  Values  (based  on  machinery  production  cost) 


1 

HaHMeHOBaHHe  HSAeJiMft 

^  iodj^  eod^ 

2 

3 

5 

7 

10 

20 

50 

2  KapycejibHue  cranKH  153 

0,84 

0,76 

0,67 

0,61 

0,56 

0,47 

0,38 

3  PeBOJibBepHue  ctan- 

™  1336  . 

0,90 

0,84 

0,77 

0-,73 

0,69 

0,62 

0,53 

4  CnipajibHue  MaiiiHHbi 

0,87 

0,80 

0,72 

0,68 

0,63 

0,55 

0,46 

5  BeHSHHOBbift  ffBurarejib 

ysM  . 

0,80 

0,70 

0,60 

0,54 

0,48 

0,38 

0,29 

6  CejibCKOxoaaftcTBeHHbie 

MaiiiHHbi . . 

0,81 

0,71 

0,61 

0,55 

0,48 

0,40 

0,30 

7  rlpoaOBOJIbC  rBBHHbie  Ma- 

lilHHbl . 

0,84 

0,75 

0,66 

0,60 

0,55 

0,46 

0,36 

1 

HaHMeHOBaHHe  HSAejiHft 

^zodj^eod^ 

HccjieAOBan- 
Hbie  npeAe-Hbi 

ICO 

200 

500 

1000 

gnporpaMMM 

2  KapyceJibHbie  craHKH  153 

— 

— 

— 

— 

HeCHTKH 

miyic  y 

3  PeBOJibBepHbie  cian- 
KH  1336  . . 

^  CTHpa,abHbie  MauiHHbi 

0,48 

0,40 

0,43 

0,35 

0,37 

0,29 

0,33 

0,25 

CoTiiH  mryx 
AecaiKH 
Tucaa  miyK 

5  BeHSHHOBbift  SBHraTenb 

y5M  . 

6  Ce,nbCKoxo35iflcTBeHHbie 

Mamniibi  .  .  .  .  •  •  ■  * 
"]  npoflOBOJibCTBemibie  Ma- 
. . 

0,24 

0,30 

0,19 

0,'25 

0,15 

0,20 

0,12 

0,17 

To  Ke 

» 

Key  to  table;  1  —  item;  2  —  153  vertical  turning  and  boring  mills;  3  — 
1336  turret  lathes;  4  —  washing  machines;  5  —  U5M  gasoline  motor;  6  — 
farm  machinery;  7  —  food-processing  machinery;  8  —  investigated  annual 
production  schedule  limits;  9  —  tens  of  units;  10 —  hundreds  of  units; 
11  —  tens  of  thousands  of  units;  12  —  same 


When  calculating  production  cost  with  formula  (1.11),  based  on  a  preliminary 
determination  of  expenditures  on  materials  and  wages  (see  page  21),  it  is 
also  necessary  to  take  into  consideration  the  difference  in  number  of  units 
produced  of  the  base  and  new  machinery.  In  order  to  calculate  labor  re¬ 
quirements,  and  subsequently  wages  as  well,  one  can  utilize  labor  require¬ 
ments  production  run  factor  6^  values  listed  in  Table  1.10. 
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Table  1.10.  Production  Run  Factor  Values  (machinery  labor  requirements) 


1 

2 

HccjieAOBaHHbie 
npcAeabi  rcAOBoft 
nporpaMMH 

HaiiMeHoBaHHe  HaAe/iiift 

2 

3 

5 

7 

10 

20 

50 

100 

200 

500 

1000 

OpesepHbie  CTaHKH;  9 

0,20 

6H83 . 

0,85 

0,78 

0,69 

0,64 

0,59 

0,50 

0,41 

0.35 

0,30 

0,24 

COTHH  UJTyKS 

6H82 . 

0,76 

0,65 

0,53 

0,47 

0,41 

0,31 

0,22 

0,17 

0,13 

0,09 

0,07 

TbicaiiH  uiTyK^ 

10  KapycejibHbie  ciaHKH  153.  .  . 

0,77 

0,66 

0,54 

0,48 

0,42 

0,32 

0,23 

0,17 

0,13 

0,09 

0,07 

HecaTKH  uiryKc; 

]_]_  PeBOJibBepubie  cxaHKH  1336.  . 

0,88 

0,81 

0,74 

0,69 

0,64 

0,57 

0,48 

0,42 

0,36 

0,30 

0,26 

CoTHH  UlTyKJ 

]_2  CTMpaAbHbie  MaulHHU  .... 

0,87 

0,80 

0,72 

0,68 

0,63 

0,55 

0,46 

0,40 

0,35 

0,29 

0,25 

RecHTKH  Tbicaa 
UITyK  6 

ilHaeJiH  Majibie  13 . 

0,80 

0,70 

0,59 

0,53 

0,47 

0,37 

0,27 

0,22 

0,17 

0,13 

0,10 

To  jKe  7 

-1  A  BeHJHHOBbift  ABHratejib  VSM  . 

0,79 

0,69 

0,58 

0,52 

0,46 

0,36 

0,23 

0,21 

0,17 

0,12 

0,10 

» 

KoMnpeccopbi,  nacocbi,  TKau- 
KHe  craHKH  . 

0,29 

0,25 

100—25  000  lUT. 

0,87 

0,80 

0,72 

0,68 

0,63 

0,55 

0,46 

0,40 

0,35 

IgKpaHbi,  BKcKaBaTopu  .... 

0,87 

0,80 

0,72 

0,68 

0,63 

0,55 

0,46 

0,40 

0,35 

0,29 

0,25 

10 — 2000  uiT. 

17TpaKTop  flT-54; 

no  MexaHHqecKOH  o6pa- 

0,24 

0,20 

18  6oTKe . 

0,85 

0,78 

0,69 

0,64 

0,59 

0,50 

0,41 

0,35 

0,30 

RecaTKH  Tucaq 
KOMnjieKTOB  8 

19  no  o6pa6oTKe  flaBjienHeM  . 

0,77 

0,60 

0,54 

0,48 

0,42 

0,32 

0,23 

0,17 

0,13 

0,09 

0,07 

To  jKe 

2jQ  MeraOTopejKymne  ciaHKH 
(cpeanee)  . . 

0,80 

0,70 

0,60 

0,54 

0,48 

0,38 

0,29 

0,23 

0,18 

0,14 

0,11 

100—5000  mt. 

(21) 

Key  to  table:  1  —  item;  2  —  investigated  annual  production  run  limits; 

3  —  hundreds  of  units;  4  —  thousands  of  units;  5  —  dozens  of  units;  6  — 
tens  of  thousands  of  units;  7  —  same;  8  —  tens  of  thousands  of  sets;  9  — 
milling  machines;  10  —  vertical  boring  and  turning  mills;  11  —  turret 
lathes;  12  —  washing  machines;  13  —  small  diesel  motors;  14  —  gasoline 
engine;  15  —  compressors,  pumps,  looms;  16  —  cranes,  excavators;  17  — 
tractor;  18  —  machining;  19  —  pressure  shaping;  20  —  metal-cutting 
machine  tools  (average) ;  21  —  units 
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Figure  1.12.  Relationship  Between  Structure  of  Truck  Production  Cost  and 
Annual  Truck  Production  Schedule 

Key  to  figure:  M  —  expenditures  on  basic  materials  and  component  items; 
K  —  shop  indirect  expenditures;  L  —  basic  wages  of  production  workers; 
K2  —  general  plant  outlays;  K3  —  nonproduction  outlays 
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Utilization  of  figures  on  structure  of  production  cost  for  calculations. 

The  relations  shown  on  the  graph  (Figure  1.11)  become  even  more  valuable 
for  calculations  if  figures  are  available  on  the  structure  of  machinery 
production  cost  and  the  scale  of  production.  Figure  1.12  shows  how  the 
structure  of  truck  production  cost  changes  in  relation  to  the  annual  produc¬ 
tion  schedule.  It  is  important  to  note  that  change  in  the  percentage  share 
of  outlays  on  materials  in  production  cost,  particularly  with  a  comparative¬ 
ly  small  scale  of  production,  occurs  fairly  intensively. 

A  combined  analysis  of  figures  1.11  and  1.12  is  extremely  useful  for 
refining  calculations  of  production  cost  applicable  to  a  given  scale  of 
production.  For  example,  if  50,000  trucks  per  year  are  to  be  produced, 
then  according  to  Figure  1.12  one  can  expect  the  share  of  outlays  on  materials, 
samlmanufactures,  and  purchased  items  to  be  approximately  60%  of  production 
cost.  In  connection  with  this  one  should  utilize  the  curve  M=0.6S  to  cal¬ 
culate  factor  6  with  the  curves  contained  in  Figure  1.11.  On  the  basis  of 
the  three  above-described  methods  of  calculating  production  cost  at  the 
early  stage  of  preproduction  design,  during  preliminary  design  and  prepara¬ 
tion  of  preliminary  drawings,  the  following  conclusions  can  be  drawn: 

a)  the  simplest  methods  of  obtaining  production  cost  in  the  absence  of 
a  sufficient  quantity  of  input  data  on  design  are  the  method  of  calculation 
according  to  specific  indices  and  the  point  method,  with  preference  going  to 
the  latter,  since  it  takes  into  consideration  a  greater  number  of  machine 
parameters;  however,  neither  method  can  ensure  securing  sufficiently  ac¬ 
curate  results  due  to  the  imperfection  of  mathematical  processing  of  the 
input  data; 

b)  the  most  accurate  method  of  calculating  production  cost  at  this  stage 
of  design,  which  requires,  however,  more  statistical  information  and  a 
greater  volume  of  calculations,  and  in  many  cases  the  employment  of  a  com¬ 
puter  in  order  to  obtain  the  mathematical  relationship,  is  the  correlation 
method;  it  can  also  be  successfully  employed  in  subsequent  stages  of  design; 

c)  utilization  of  multiple  correlation  functions  makes  it  possible 
not  only  to  calculate  production  cost  with  a  fairly  high  degree  of  ac¬ 
curacy  but  also  to  determine  the  degree  of  influence  of  a  given  parameter 
on  production  cost,  which  enables  the  designer,  utilizing  feedback,  to 
devote  particular  attention  to  the  most  important  parameters,  as  a  result 
obtaining  higher  technical-economic  effectiveness  of  the  designed  item; 

d)  correlation  formulas  make  it  possible  quickly  to  elucidate  the  in¬ 
fluence  of  various  changes  made  in  the  design  parameters,  on  the  materials 
requirements,  labor  requirements  and  production  cost  of  a  piece  of  machinery, 
and  to  determine  the  most  optimal  design  solutions; 

e)  with  all  this  one  should  bear  in  mind  that  even  utilization  of  cor¬ 
relation  functions  at  this  stage  of  design  will  make  it  possible  to  determine 
a  production  cost  which  will  be  only  a  first  approximation  of  a  machine's 
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actual  production  cost,  since  the  volume  of  input  information  is  small,  and 
in  particular  there  is  lacking  information  (or  there  is  very  little  available) 
on  the  structural  elements  of  the  designed  piece  of  machinery  (units,  as¬ 
semblies,  parts);  this  information  can  be  obtained  only  by  advancing  the 
design  process. 

3.  Method  of  Calculating  Production  Cost  at  the  Preliminary  Engineering 
Stage 

The  unit-by-unit  and  assembly-by-assembly  method  of  calculating  production 
cost.  At  the  preliminary  engineering  stage  it  is  entirely  possible  and 
correct  to  utilize  any  of  the  above-discussed  methods  of  calculating 
production  cost.  However,  the  availability  at  this  stage  of  a  large  quanti¬ 
ty  of  new  data  (see  Table  1.1),  and  in  particular  elaborated  drawings  of 
units  and  assemblies,  specifications  on  purchased  items  and  specifications 
on  materials,  makes  it  possible  to  apply  more  precise  methods  of  calculating 
the  production  cost  of  the  new  piece  of  machinery. 

As  was  already  noted,  utilization  of  input  data  as  a  whole  on  a  piece  of 
machinery,  without  a  breakdown  by  Individual  units,  makes  it  impossible  to 
perform  precise  calculations  of  production  cost.  In  such  calculations  it 
is  impossible  to  take  into  account  specific  changes  made  by  designers  in 
specific  units  and  assemblies  as  well  as  the  replacement  of  individual 
machinery  units  by  totally  new  units. 

Let  us  assume  that  it  is  proposed  to  employ  a  hydraulic  transmission  in  a 
new  truck  design  in  place  of  a  standard  transmission  (in  which,  as  we  know, 
a  torque  converter  is  a  totally  new  element),  with  power  steering  to  be 
incorporated  in  the  steering  gear  design  in  order  to  make  things  easier  on 
the  driver,  plus  the  adoption  of  disc  brakes  to  replace  drum  brakes.  How 
should  these  changes  be  reflected  in  production  cost  calculations?  None  of 
the  above  calculation  methods,  not  one  of  the  above  formulas  enables  us  to 
take  into  account  with  any  adequate  degree  of  accuracy  the  above-mentioned 
changes,  since  at  the  preliminary  design  stage,  and  in  some  cases  at  the 
preliminary  drawings  stage  as  well  there  is  a  lack  of  precise  parameters  of 
individual  units  and  assemblies. 

At  the  preliminary  engineering  stage,  however,  consolidated  calculations  of 
production  cost  for  the  new  item  as  a  whole  are  unacceptable,  since  there  is 
a  possibility  of  refining  them  significantly.  At  this  stage  (and  in  many 
cases  at  the  preliminary  drawings  stage  as  well)  it  is  advisable  to  perform 
production  cost  calculations  not  for  the  entire  design  as  a  whole  but  for  in¬ 
dividual  units  and  assemblies.  For  each  of  them  one  can  find  the  most 
characteristic  relations  which  link  the  principal  technical  and  production 
paramaters  of  a  unit  or  assembly  known  at  a  given  stage  with  the  cost  of 
producing  them.  Then,  in  calculating  the  production  cost  of  the  entire  piece 
of  equipment  one  could  determine  in  advance  the  cost  of  producing  its  units 
and  assemblies  on  the  basis  of  the  derived  relations  (presented  in  graphic 
form  or  as  formulas) ,  subsequently  figuring  in  expenditures  for  overall  as¬ 
sembly  with  the  aid  of  a  factor. 
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Overall  assembly  costs  depend  on  the  type  of  production  and  complexity  of 
the  machinery  involved,  and  may  range  from  1.1  to  1.4.  The  closer  the  type 
of  production  approaches  single-unit  manufacture,  and  the  more  complex  the 
piece  of  machinery  is,  the  greater  will  be  the  value  of  this  factor. 

Thus  the  production  cost  of  a  piece  of  machinery  will  consist  of  two  com¬ 
ponents:  the  cost  of  producing  the  assemblies  and  units,  taking  into  account 
the  scale  of  their  production  and  the  plan-specified  (or  wholesale-release 
in  a  first  approximation)  price  of  purchased  units  and  assemblies.  Calcula¬ 
tion  of  the  production  cost  of  a  newly-designed  piece  of  machinery  Sji  can  be 
performed  with  the  following  formulas: 

or 

“  ~  j  rub/unit,  (^*45) 


j  rub /unit  (1-44) 


where  p  —  factor  taking  into  consideration  overall  assembly  costs; 

S'yjj  —  production  cost  of  unit  or  assembly  in  rub/unit,  under  the  condition 
of  agreement  between  the  projected  scale  of  production  and  the  scale  under 
conditions  of  which  the  relation  utilized  for  the  calculations  was  obtained 
(let  us  assume  that  the  specific  cost  per  kg  of  reduction  gear  weight  with 
an  output  of  25,000  units  per  year  is  equal  to  1  rub;  if  the  reduction  gear 
weighs  100  kg,  then  with  a  calculation  based  on  utilization  of  specific 
production  cost  we  can  assume  that  its  cost  will  be  100  rubles  with  an  out¬ 
put  of  25,000  units  per  year);  6  —  production  run  factor  [see  formula 
(1.43)];  ^un'S’un'S  —  production  cost  of  a  unit  or  assembly  with  the 
specified  production  schedule,  in  rub/unit;  Cyj,  —  plan— specif led  (or 
wholesale— release)  price  of  units  and  assemblies  obtained  through  cooperative 
manufacture  (obtained  on  the  basis  of  price  lists  or  wholesale-release 
prices  or  from  cooperative-manufacture  delivery  lists),  in  rub/unit;  m  — 
number  of  machinery  units  and  assemblies  manufactured  at  the  plant;  n  — 
number  of  purchased  units  (assemblies)  in  the  machinery. 

The  existence  of  differentiated  indicators  of  production  cost,  materials 
requirements  and  labor  requirements  of  individual  units  and  assemblies  or 
their  specific  values  makes  it  possible  to  obtain  significantly  more  reliable 
relations  than  those  examined  above  for  a  piece  of  machinery  as  a  whole. 


Figure  1.13.  Relationship  Between  Specific  Cost  of  Manufacturing  Reduction 
Gears  and  Weight  (Average  Outlays  on  Materials  56%,  Average  Outlays  on  Produc¬ 
tion  Worker  Wages  11%) 
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Figure  1.14.  Relationship  Between  Cost  of  Producing  Truck  Frames  and  Their 
Weight  With  Various  Production  Schedules 

Key  to  figure:  1  —  rub /unit;  2  —  10,000  units;  3  —  200,000  units 


Even  a  small  (3  to  4)  quantity  of  data  on  the  production  cost  of  units 
or  assemblies  of  a  specified  type  makes  it  possible  to  derive  relations 
similar  to  those  contained  in  figures  1.13  [3],  1.14,  and  1.15  [3],  or  to 
employ  the  method  of  calculation  on  specific  indices. 

The  existence  of  materials  specifications  a  t  the  preliminary  engineering 
stage  makes  it  possible  to  utilize  in  a  better-substantiated  manner  the 
design  materials  requirements  indicator  for  production  cost  calculations 
with  formula  (1.11),  calculating  unit  production  cost  with  this 

formula.  In  addition  it  is  possible  to  utilize  with  a  sufficient  degree  of 
accuracy  a  very  simple  formula  to  calculate  unit  or  assembly  production 
cost: 

SU  =  - ^  100,  (1.46) 

mo  _ _ 

here  —  outlays  on  basic  materials  expended  in  producing  a  unit  or  assembly, 
in  turn  detemnned  with  the  formula 

rn 

Ml  — (1-47) 


where  Gn.  —  net  weight of  materials  of  a  given  cost  group  in  the  unit  or 
assembly^without  purchased  parts  (determined  from  the  drawings),  in  kg; 

—  average  cost  per  k^  of  materials  of  a  given  cost  group  (determined 
from  wholesale  price  lists  on  the  basis  of  specifications),  in  rubles;  kp  — 
a  factor  which  takes  into  account  the  correlation  between  net  weight  and 
calculation  of  materials  Gp  (in  consolidated  calculations  Kp  values  are 
taken  in  a  range  of  0.5-0. 7,  and  up  to  0.9  for  the  most  advanced  processes 
in  mass  production) ;  it  is  determined  with  formula 
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(1.48) 


where  Gp^  —  expenditure  of  materials  of  a  given  cost  group,  in  kg;  m  — 
nvimber  of  materials  cost  groups  in  unit  or  assembly;  —  expenditures  on 
purchased  parts  of  a  unit  or  assembly,  in  rub/unit;  n  —  list  of  purchased 
items  in  unit  or  assembly;  mg  —  percentage  share  of  outlays  on  materials  in 
cost  of  unit  or  assembly;  determined  proceeding  from  the  cost  structure  of 
analogous  units  or  assemblies  with  a  given  scale  of  production  (Figure  1.16),  %. 


In  determining  net  weight  from  drawings  one  can  employ  various  formulas  con¬ 
structed  applicable  to  specific  types  of  units  and  assemblies.  For  enclosed 
gear  reducers,  for  example,  an  approximate  weight  calculation  can  be  made 
with  the  formula 

G,  =  %yV-lO-^  kg,  0^49) 

where  y  —  average  specific  weight  (~7.3)  in  g/cm^;  ifip  —  space  factor,  ob¬ 
tained  from  graphs  in  relation  to  the  type  of  reduction  gear  and  its  basic 
dimensions  (Figure  1.17);  V  —  nominal  volume  of  reduction  gear  (based  on 
principal  dimensions),  in  mm^. 


Figure  1.15.  Relationship  Between  Reduction  Gear  Cost  of  Manufacture  and  Its 
Weight 


Figure  1.16.  Relationship  Between  Percentage  of  Outlays  on  Basic  Materials  in 
the  Cost  of  Truck  Frames  and  the  Annual  Production  Schedule 
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Figure  1.17.  Relationship  Between  Base  Factor  and  Spur-Type  Reduction 
Gear  Distance  Between  Centers 

Key  to  figure;  I  —  single-stage;  II  —  two-stage;  III  —  three-stage 


Calculation  of  production  cost  at  this  stage  of  design  can  be  refined  if  it 
is  possible  to  utilize  relations  of  the  formulas  (1.3)  and  (1.4)  type  to 
determine  outlays  on  materials,  semimanufactures  and  purchased  items  and  on 
basic  production  worker  wages,  while  obtaining  production  cost  with  formula 
(1.11).  Finding  labor  requirements  T  or  labor  requirements  specific  value 
tyd  presents  the  main  difficulty  in  a  refined  calculation  of  this  kind. 

For  consolidated  calculations  it  is  recommended  that  the  labor  requirements 
of  designed  assemblies  and  units  be  obtained  with  formulas  of  the 

formula  (1.9)  type; 


where  T^no  —  labor  requirements  of  prior-manufactured  geometrically-similar 
unit  or  assembly  in  norm-hours;  Gn^  —  net  weight  of  newly-designed  unit  or 
assembly,  kg;  Gn^  —  net  weight  of  prior-manufactured  unit  or  assembly  in  kg 
(in  this  formula  taken  under  conditions  of  full-scale  production) . 

Relations  similar  to  those  indicated  in  Figure  1.18  [3]  can  be  elaborated 
for  materials  requirements  and  labor  requirements. 

The  previously-examined  point  method  can  also  be  successfully  employed  in  cal¬ 
culating  the  production  cost  of  units  and  assemblies.  For  this  it  is  neces¬ 
sary  to  take  three  or  four  basic  technical  and  operation  parameters  of  a 
unit  or  assembly  (for  reduction  gears,  for  example,  net  weight,  maximiim 
transferred  torque,  maximum  gear  ratio,  number  of  gears;  for  frames,  girders, 
and  other  metal  structures  —  net  weight,  number  of  components,  complexity 
category),  to  construct  a  point  system  for  them  within  the  limits  of  a  given 
scale  of  production  (Figure  1.19)  and  to  calculate  unit  cost  S'^n  in  con¬ 
formity  with  the  examined  method.  For  example,  if  we  are  designing  a  five- 
speed  standard  truck  transmission  weighing  100  kg,  with  a  maximum  torque  of 
200  kgm  and  a  maximum  gear  ratio  of  7;1,  then  according  to  Figure  1.19  the 
point  total  will  be  1.2+1. 6+2+1. 4=6. 2. 
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Figure  1.18.  Relationship  Between  the  Labor  Requirements  of  Manufacturing 
1  Ton  of  Reduction  Gears  and  Their  Weight 


Figure  1.19.  Point  System  for  Calculating  the  Production  Cost  of  Truck 
Transmissions 

Key  to  figure;  1  —  weight  of  transmission;  2  —  points;  3  —  maximum  torque; 
4  —  number  of  speeds;  5  —  maximum  gear  ratio 


With  an  average  value  factor  of  9  rub/point  for  the  given  scale  of  production, 
the  production  cost  of  the  designed  transmission  will  be  6.2  x  9  =  55.8  rubles. 

Scale  of  production  can  be  directly  incorporated  into  the  point  system  in  the 
form  of  a  separate  curve.  Then  one  can  immediately  obtain  quantity 

At  the  preliminary  engineering  stage  sufficiently  reliable  unit-by-unit  and 
assembly-by-assembly  correlation  functions  can  be  derived  in  order  to  cal¬ 
culate  production  cost.  One  should  note,  however,  that  such  systematized 
relations  are  in  practice  encountered  very  rarely.  It  is  the  task  of 
scientific  research  institutes  and  design  offices  to  produce  them.  Accomplish¬ 
ment  of  this  task  would  considerably  facilitate  the  performance  of  economic 
calculations  in  engineering  design  and  would  greatly  improve  the  accuracy  of 
their  results. 
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Influence  of  scale  of  production  on  production  cost;  utilization  of  data 
on  structure  of  production  cost  for  calculations.  In  calculating  the  produc¬ 
tion  cost  of  individual  units  and  assemblies  it  is  essential  to  take  into 
consideration  that  the  scale  of  their  manufacture  may  differ  substantially 
from  the  scale  of  manufacture  of  the  designed  item.  Calculators  and  computers, 
for  example,  frequently  consist  of  a  large  number  of  precisely  the  same  or 
highly— standardized  units,  while  a  single  truck  requires  4  to  6  and  sometimes 
considerably  more  identical  reduction  gears,  brake  components,  tires,  etc. 

If  in  calculating  their  production  cost  one  adopts  a  production  run  factor 
corresponding  to  the  specified  production  figure  on  the  designed  vehicle, 
the  error  will  be  so  substantial  that  it  may  totally  distort  the  results  of 
a  subsequent  technical-economic  analysis. 
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Figure  1.20.  Relationship  Between  Structure  of  Cost  of  Producing  Propeller 
Shaft  and  Universal  Joint  Units  and  Annual  Output  Schedule 

Key  to  figure;  M  —  outlays  on  basic  materials  and  component  items;  L  — 
wages  of  basic  production  workers;  Kj  —  shop  indirect  expenditures;  K2  — 
general  plant  indirect  expenditures 
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Figure  1.21.  Relationship  Between  Structure  of  Cost  of  Producing  Transmis¬ 
sions  and  Annual  Output  Schedule 

Key  to  figure:  M  —  outlays  on  basic  materials  and  component  items;  L  — 
wages  of  basic  production  workers;  Ki  —  shop  indirect  expenditures;  K2  — 
general  plant  indirect  expenditures 
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It  is  also  necessary  to  take  into  account  possible  standardization  of  units 
and  assemblies  for  several  pieces  of  equipment  and  employment  in  a  newly- 
designed  piece  of  equipment  assemblies  and  units  of  other  machinery  which 
are  already  in  production,  since  this  increases  their  scale  of  manufacture 
and  as  a  consequence  reduces  the  cost  of  manufacture. 

In  calculations  of  production  cost  of  assemblies  and  units  it  is  useful 
to  utilize  figures  on  the  structure  of  production  cost,  employing  the  method 
described  on  page  49.  Figures  1.20  and  1.21  contain  as  examples  graphs 
illustrating  the  character  of  change  in  the  structure  of  cost  of  producing 
drive shaft-universal  joint  assemblies  and  truck  transmissions  in  relation  to 
annual  production  figures. 

Thus  at  the  preliminary  engineering  stage  it  is  expedient,  in  order  to  refine 
production  cost  calculations,  to  shift  from  overall  relations  for  a  piece  of 
equipment  as  a  whole  to  unit-by-unit  and  assembly-by-assembly  relations. 

This  will  make  it  possible  to  take  into  account  in  the  newly-designed  piece 
of  equipment  to  a  substantially  greater  degree  the  influence  of  specific 
design  decisions  on  machinery  production  cost. 

4.  Method  of  Calculating  Production  Cost  During  the  Detailed  Engineering 
Stage 

Method  of  calculating  production  cost  part  by  part.  At  the  detailed  engineer¬ 
ing  stage  there  is  a  greater  capability  for  precise  calculation  of  the  cost 
of  producing  a  new  piece  of  equipment.  Here  one  can  utilize  any  of  the  above- 
examined  calculation  methods.  The  availability  of  design-technical  data  on 
parts  (see  Figure  3  and  Table  1.1)  will  make  it  possible  to  obtain  summary 
figures  on  production  cost  which  approximate  plan-specified  cost,  which  will 
be  calculated  in  the  process  of  preproduction  engineering. 

At  this  stage  the  production  cost  of  each  unit  or  assembly  can  be  calculated 
as  the  sum  of  the  production  costs  of  the  parts  comprising  the  unit  or 
assembly,  employing  the  following  formulas  [analogous  to  formulas  (1.44) 
and  (1.45)] 

azp  =='  P  j  rub/unit  (1.51) 

or 

Sa3p  =  ^ +  2  )  rub/unit,  (1.52) 

where  y  —  coefficient  taking  into  account  expenditures  on  assembly  (y=l. 1-1.4; 
see  page  51);  S'^  —  cost  of  producing  the  part,  under  the  condition  of 
agreement  between  the  proposed  scale  of  production  and  the  production  scale  at 
which  the  relation  was  obtained  which  was  utilized  for  the  calculations,  in 
rub/unit  (for  reduction  in  the  number  of  calculations  see  Chapter  III);  6  — 
production  run  factor  [see  formula  (1.43)];  Sd=S'd5 —  cost  of  producing  the 
part  with  the  specified  production  schedule  in  rub/unit;  m  —  number  of 
parts  in  unit  or  assembly,  with  the  exception  of  parts  obtained  through  co¬ 
operative  manufacture;  n  —  number  of  purchased  parts  in  the  unit  or 
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assembly;  C^j  —  plan-specified  Cor,  in  a  first  approximation,  wholesale- 
release)  price  of  parts  obtained  on  the  basis  of  cooperative  manufacture 
(determined  on  the  basis  of  wholesale-release  price  lists  or  cooperative 
manufacture  delivery  lists),  in  rubles  per  unit. 

In  calculating  the  production  cost  of  units  and  assemblies  on  the  basis  of 
this  formula,  the  cost  of  fasteners  can  be  figured  as  a  total,  in  the  form 
of  factor  n,  not  including  them  in  Then 

=  +  (1.53) 

where  n  —  a  factor  which  takes  into  account  outlays  on  purchased  fasteners 
(ri=1.02-l,05) ;  p  —  number  of  purchased  parts  in  the  unit  or  assembly  ex¬ 
cluding  fasteners. 

Figure  1.22  presents  the  aggregate  of  principal  factors  affecting  the  shop 
cost  of  producing  a  part.  It  is  hardly  possible  to  take  into  account  in 
production  cost  calculations  all  factors  indicated  in  the  figure  at  this 
stage  of  preproduction  engineering.  In  particular,  when  utilizing  formula 
(1.11)  major  difficulties  arise  in  calculating  production  worker  wages, 
since  the  nximber  of  process  operations,  their  labor  requirements,  and 
required  level  of  worker  skills  will  become  known  only  in  the  process  of 
preproduction  engineering. 

Therefore  at  the  detailed  engineering  stage,  for  calculating  the  production 
cost  of  parts  one  can  employ  the  methods  examined  previously,  of  course  ob¬ 
taining  considerably  more  precise  relations  between  production  cost  and 
basic  factors  than  for  units  or  a  piece  of  equipment  as  a  whole. 

The  diagram  also  presents  feedback,  that  is,  influence  on  the  design  both 
by  scale  of  production  and  by  obtained  figures  on  production  cost.  If  the 
calculated  production  costs  of  parts  (and  subsequently  units  and  the  equip¬ 
ment  as  a  whole)  do  not  make  it  possible  to  obtain  high  technical-economic 
design  indices,  the  design  process  should  be  continued,  and  the  cycle  is 
repeated  until  the  required  results  are  obtained. 

Calculation  of  cost  of  producing  parts  S*jj  on  the  basis  of  specific  Indices. 
An  approximate  calculation  of  the  cost  of  producing  parts  for  specified 
production  scales  on  the  basis  of  specific  indices  should  be  performed 
utilizing  specific  correlations  between  production  cost  and  expenditure  of 
materials  or  net  weight.  It  is  of  course  desirable  thereby  to  take  into 
account  the  influence  on  production  cost  of  required  machining  precision, 
surface  finish  and  other  manufacturing  process  factors. 
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Figure  1.22.  Relationship  Between  the  Production  Cost  of  a  Part  and  Technical 

and  Production  Factors; — - - -  Direct  link; 

- ^ Feedback 


Key  to  figure;  1  —  part  design;  2  —  size  and  configuration;  3  —  safety 
factor;  4  —  precision;  5  —  surface  finish;  6  —  scale  of  production;  7  — 
type  of  workpiece;  8  —  machining  routing;  9  —  type  of  material;  10  — 
quantity  of  material;  11  —  material  utilization  factor;  12  —  number  of 
process  operations;  13  —  labor  requirements  of  process  operations;  14  — 
job  skill  level;  15  —  cost  of  basic  material  or  semimanufacture  M; 
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(Key  to  Figure  1.22,  cont’d)  16  —  vrages  of  production  workers  and  social 
insurance  contributions;  17  —  shop  indirect  expenditures;  18  —  shop  cost 
of  producing  part 
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Figure  1.23.  Relationship  Between  Specific  Value  of  Expenditures  on  Materials 
in  the  Cost  of  Producing  Plastic  Parts  and  Their  Weight. 


The  correlation  between  the  cost  of  producing  a  part  and  its  net  weight  can 
be  represented  as 


=  100  rub/unit,  (1.54) 

Tti^hp 


where  Gn  -  net  weight  of  part  according  to  drawing,  kg;  Cjjj  —  cost  per  kg 
of  material,  in  rubles;  mQ  —  percentage  share  of  outlays  on  material  in 
cost  of  producing  part;  it  is  determined  proceeding  from  the  structure  of 
the  cost  of  producing  similar  parts  with  a  given  scale  of  production  (see 
Figure  1.23  [6]),  %;  kp  —  factor  which  takes  into  account  the  correlation 
between  net  weight  and  expenditure  of  material  —  material  utilization 
factor  (see  tables  1.11,  1.12,  and  1.13). 

As  an  example  we  list  below  mQ  values  for  several  types  of  plastic  parts 
and  semimanufactures: 


Press-forged  parts  .  44 

Cast  parts  . 42 

Pol3rvinyl  chloride  pipe . . . .  44 

Polyethylene  film  (experimental  production)  .  28 

Polyethylene  pipe  (experimental  production)  .  17 


Material  utilization  factors  are  determined  primarily  by  part  configuration 
and  the  type  of  workpiece  employed.  In  small-series  production,  for 
example,  the  metal  utilization  factor  for  bevel  gears  is  0.3  with  a  gear 
blank  of-  rolled  stock,  and  0.45  with  a  stamped  blank;  the  figures  are  0.24 
and  0.4  respectively  for  double-toothing  spur  gears. 
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Table  1.11.  Coefficient  kp  Values  for  Machine-Building  Parts  in  Various 
Types  of  Industrial  Operations 


SaroTOBKa  fleraJiH  ^ 

2  Tunw  npOH3BoflCTna 

cepH^^Hoe 

KpynHo-^ 

cepaftHoe 

5 

MaccoBoe 

PopHqeKaTaHaH  cTajib  .7,  ...  . 
XojioflHOKaraHaH  cTa;ib  .8.  .  .  . 
ripoKaT  UBeraux  MaTajijioB  9  .  .  . 
MyryHHaa  OTJiuBKa  .  .  .  ,  10.  . 
CrajibHaa  OTJiHBKa  .  n,  .  .  .  . 
IfBeTHaa  0T;iHBKa  .  .  .  .12  .  . 

0,6 

0.4 

0,5 

0,6 

0,6 

"0,4 

0,8 

0,5 

0,6 

0,8 

0,75 

0,45 

6 

0,8  H  6ojiee 
0,75  H  Cojiee 
0,75  H  6o,nee 
0,9  H  6ojiee 
0,9  H  6o;iee 
0,7  H  6ojiee 

Key  to  table:  1  —  stock,  workpiece;  2  —  types  of  production;  3  —  small- 
series;  4  —  large-series;  5  —  mass;  6  —  and  more;  7  —  hot-rolled  steel; 
8  —  cold-rolled  steel;  9  —  nonferrous  rolled  stock;  10  —  iron  casting; 

11  —  steel  casting;  12  —  nonferrous  casting 


Table  1.12.  Coefficient  kp  Values  for  Several  Machine  Building  Parts  Under 
Conditions  of  Small-Series  Production 


,  1 

HaHMeHOsaHiie  ACTaaeft 

2  Cnoco6 

aaroTOBKH 

B  /ca 

BoATbi  H  raflKH  .3 ,  ,  .  .  . 
To  »e . 9.  ,  .  . 

12IllTaMnoBKa 

To  we 

» 

0,02—0,2 

0,25-0,8 

1-10 

0,36—0,4 

>0,4 

>0,45 

BajiHKH:  5 

MenKHe  6  . 

cpeAHHe  7  . 

Bajibi  KpynHbie  .g . 

9  3y6aaTbie  Ko.ieca  (cTaabHbie) 

hmiHHSpbi  KpynHbie  .Ip  .  , 

» 

13noKOBKa 

To  we 

14  ripoKaT 
IIlTaMnoBKa 

15  JiHTbe 
lieHTpo6ewHoe 

15  JIHTbe 
^HrypHoe  ueHT.. 
po6ewHoe  jiHTbr 
JiHTbe  B  aeMJIKl 
<t>HrypHoe  ueHTl 
pofiewi^AHTbe 

flo  1 
»  10 
50—300 
Ao  1 
»  20 
50—500 
Ho  1000 

>0,5 

>0,4 

0,3—0,37 

0,4 

0,33-0,36 

0 ,25—0 ,32 
>0,33 

UepBaaHbie  uiecTepHH  11  . 

To  we  . 

Ho  3 
'  19 

Gb.  3 

8  Cb.  3 
20 

0,7 

0,25 

0.7 

Key  to  table:  1  —  parts;  2  —  method  of  obtaining  workpiece;  3  —  bolts 
and  nuts;  4  —  same;  5  —  shafts;  6  —  small;  7  —  medium;  8  —  large  shafts 
9  —  gears  (steel);  10  —  large  cylinders;  11  —  worm  gears;  12  —  stamping; 
13  —  forging;  14  —  rolled  stock;  15  —  casting;  16  —  centrifugal  casting; 
17  —  shaped  centrifugal  casting;  18  —  casting  in  the  floor;  19  —  up  to; 

20  —  more  than 
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Table  1.13.  Coefficient  kp  Values  for  Plastics  when  Processed  Into  Finished 
Products  [6] 


HaHMeHOBaHHe  ^eTajieft 

Mctoam  nepepaSoTKH 
2  nJiacTMacc 

HerajiH  H3'(})eHo-  h  awHHonjiacTOB, 
BOJIOKHHTOB,  CTeKJIOBOJIOKHHTOB2a  ■  • 

7  KoMnpeccHOHHoe 

0,89-0,91 

HeTajiH  H3  TepMonjiacTOB  3  .  .  . 

npeccoEaHHe 
SJiHTbe  no;^  aas- 

0,93—0,95 

4  TpySbi,  uijiaHrH  h  jihctbi  h3  bojih- 

BTHjieHa,  Tpyfiu  H3  nojiHXjiopBHHUjia 
cHetajiH  H3  nojiHSTHJieHa . 

9  3KCTpy3Hfl 

0,95 

lOEbiayBaHne 

0,95 

gTo  >Ke . 

BaKjy^-4)opMOBaHHe 

0,9£! 

Key  to  table:  1  —  parts;  2  —  plastic  processing  methods;  2a  —  parts  of 
phenoplasts  and  aminoplasts,  fiber-filled  molding  material,  fiberglass;  4 
3  —  parts  of  thermoplasts;  4  —  polyethylene  pipes,  hoses  and  sheets, 
pol3n/inyl  chloride  pipe;  5  —  polyethylene  parts;  6  -  same;  7  —  compression 
molding;  8 —  pressure  molding;  9  —  extrusion;  10  —  inflation;  11  — 
vacuum  molding 


For  more  approximate  calculations  one  can  utilize  the  correlations  between 
the  weight  and  cost  of  parts  available  in  various  branches  of  machine  build¬ 
ing  (see  tables  1.14  and  1.15  and  figures  1.24-1.29)  or  derive  such  relation¬ 
ships  on  the  basis  of  available  statistical  materials. 


Table  1.14.  Average  Cost  of  Producing  1  Ton  of  Parts,  of  Thermosetting 
Plastics,  in  Rubles  [5]* 


2  rpynna  cjiojkhocth  Aexajieft 

Bee  flerajiH  B  Ka 

3 

npoCTbie 

^  CpeflHefi 
CJIOHtHOCTH 

5 

CjioxiHbie 

6  HeTajiH  ii3  npeccnopoujKa  K-18-2: 

flo  10  . 

1300 

2025 

3725 

11—100 . 

945 

1405 

1855 

101—200 

720 

855 

1395 

7  HeTa.HH  H3  BOflOKHHTa: 

Zlo  10  . 

2190 

3230 

4110 

11—60 . 

1830 

2610 

3670 

61—200  ... 

1550 

1990 

2590 

201—600  . 

1310 

1790 

2190 

1 

2  H  "9  OTJIHBKH  nOKOBKH,  lUTaMnOBKH  H3  MCTaJUIOB  CM.  B  npHJIOMteHHflX  j 

Key  to  table;  1  —  weight  of  part,  kg;  2  —  parts  complexity  group;  3  — 
simple;  4  —  meditim  complexity;  5  —  complex;  6  —  parts  of  K-18-2  molding 
powder;  7  —  parts  of  fiber-filled  molding  material;  *  —  for  prices  on 
metal  castings,  forgings,  stampings  see  appendices  2  and  3 
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Table  1.15.  Approximate  Cost  of  Manufacturing  1  kg  of  Parts,  in  rubles  [2] 


1 

2 

3 

A 

Tim  npOH3BOACTBa 

\ 

UHCTblft 

Pfirajib 

SaroTOEKa 

Bee  B  KZ 

5 

CepaftHoe 

^Kpynno- 

cepm'iHoe 

7 

MaccoBoe 

8  UlECTepHH 

nOKOBKa, 
era  Jib  45, 

flo  2 

1 ,05/10* 

0,79/50 

;  0,7/300. 

^  To  we 

40X 

To  we 

10,2-20 

0,62/19 

0,47/50 

0,42/100 

» 

» 

Cb.  30 

0,61/1 

0,44/5 

0,42/25 

IhOrjiHBKa, 

Ao  2 

0,92/10 

0,83/50 

0,74/140 

crajib  55JI 

SeesAOMKH 

uenefi 

OTJUIBKa 

37  B  3eM.aH5, 

»  1 

0,56/20 

— 

— 

CM  18-36 

OTJIHBKa  B 
o6ojioMKy, 
CM  18-36 

»  1 

— 

0,47/100 

0 ,41/500 

To  we 

*  1' 

OTJIHBKa 

»  2 

0,46/20 

— 

B  aeMJiK), 

Cq  18-36 

OTJIHBKa  B 

a  2 

— 

0,46/100 

0,41/500 

18 

o6oJioqKy, 

CM  18-36 

Bry^iKa 

OTJIHBKa, 

CM  15-32 

Ho  0,5 

1 ,59/250 

0 ,95/375 

0,79/575 

To  we 

LMripoKaT, 

»  1 

1 ,04/200 

0,94/350 

_ 

CTajib  45 

Tpy6Ka 

iOTHHyTaa 

a  1 

1 ,82/200 

0,41/500 

> 

OTJIHBKa, 

’1  fipoHsa 

»  1 

2,01/76 

1,63/300 

0,32/200 

\2  Bajiu 

y^pyroK, 

crajib 

»  5 

0,58/50 

0,27/300 

BajiHKH  mapHHp- 
Horo  COeAHHeHHH 

9  To  we 

L60TJiHBKa, 

a  2 

0,35/110 

0 ,22/300 

0 ,20/700 

Kopnycbi  noA- 

»  5 

0,80/50 

0,61/145 

0,52/230 

14mHnHHK0B 

CM  18-36 

CKOJIbSieHHH 

To  we 

9  To  we 

20—30 

0,46/36 

0,40/68 

0,36/122 

•  B  SHaMeHaiejie  —  foaobohi  BwnycK  b  tuc.  uit. 

Key  to  table;  1  —  part;  2  —  workpiece;  3  —  net  weight  in  kg;  4  —  type  of 
production;  5  —  series;  6  —  large-series;  7  —  mass;  8  —  pinion;  9  —  same; 
10  —  sprocket  wheels;  11  —  bushing;  12  —  shafts;  13  —  articulated  joint 
shafts;  14  —  sliding  bearing  shells;  15  —  steel  forging;  16  —  steel 
casting;  17  —  floor  casting;  18  —  shell-mold  casting;  19  —  rolled  steel; 

20  —  drawn  tube;  21  —  bronze  casting;  22  —  steel  rod;  *  —  nximber  in 
denominator  —  annual  output  in  thousand  units 
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Figure  1.24.  Relationship  Between  Specific  Cost  of  Producing  Bearing  Shells 
of  SCh  18-36,  SCh  15-32  and  SCh  12-28  Cast  Iron  and  Their  Weight  (averap 
outlays  on  materials  50%,  average  outlays  on  production  worker  wages  14%  [13]) 


Figure  1.25.  Relationship  Between  Specific  Cost  of  Producing  Shell  Components 
of  SCh  15-32  and  SCh  18-36  Cast  Iron  and  Weight  (average  outlays  on  materials 
40%,  average  outlays  on  production  worker  wages  14%  [3]) 


Figure  1.26.  Relationship  Between  Specific  Cost  of  Producing  Spur  Gears  of 
Steel  Forgings  of  40Kh  and  20Kh  steel.  Number  of  Units  Produced  and  Weight 
[3]  (average  outlays  on  materials  39%;  average  outlays  on  production  worker 
wages  16%);  I  ~  series  production  up  to  100  tons  per  year;  II  —  large- 
series  production  up  to  500  tons  per  year 
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Figure  1.27.  Relationship  Between  Specific  Cost  of  Producing  Spur  Gears  of 
SCh  15-32,  SCh  18-36  and  SCh  28-42  Cast  Iron  and  Weight  [3]  (average  outlays 
on  materials  60%,  average  outlays  on  production  worker  wages  12%) 


Figure  1.28.  Relationship  Between  Specific  Cost  of  Producing  Gears  and  Type 
of  Gear  Blank  and  Weight:  I  —  cast  steel;  II  —  forged  and  stamped;  III  — 
cast  iron 


More  precise  calculations  of  production  cost  can  be  performed  with  formula 
(1.11)  (see  page  21)  by  means  of  preliminary  determination  of  outlays  on 
materials,  semimanufactures  and  purchased  items,  plus  production  worker 
wages,  as  well  as  the  addition  of  indirect  expenditures  —  shop,  general 
plant,  and  nonproduction. 


Figure  1.29.  Relationship  Between  Specific  Cost  of  Producing  Plastic  Parts 
and  Their  Weight  [5] 

Key  to  figure:  —  for  simple  parts  of  carbolite;  B^  —  for  simple  parts 

of  fiber-filled  molding  material;  K2  —  for  carbolite  parts  of  average  com¬ 
plexity;  B2  —  for  fiber-filled  molding  material  parts  of  average  complexity; 
K3  —  for  complex  carbolite  parts;  B3  —  for  complex  fiber-filled  molding 
material  parts 
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In  order  to  find  wages  L,  we  must  determine  labor  requirements  for  parts 
manufactured,  with  the  following  formula: 

~  ^yd^H^c^m  norm— hr /unit ,  (1.55) 

where  ty^j  —  specific  labor  requirements  in  norm-hr/kg;  —  net  weight  of 
part,  kg;  kg  —  factor  which  takes  into  account  part  complexity;  6jq  — 
production  run  factor  (labor  requirements). 

Then  we  multiply  the  obtained  value  by  the  average  wage  rate,  employing 
formula  (1.8).  Appendix  5  contains  wage  rates  in  machine  building. 

Calculation  by  the  point  method.  Calculation  of  the  cost  of  producing  parts 
by  the  point  method  does  not  basically  differ  from  an  analogous  calculation 
performed  for  complete  items,  assemblies  and  units.  We  must  select  several 
principal  design  parameters  for  the  parts  of  a  given  class,  determine  the 
total  points  in  conformity  with  the  point  system  elaborated  for  it  and, 
utilizing  a  value  factor,  calculate  production  cost  taking  into  account  cor¬ 
rections  for  the  number  of  units  to  be  produced  in  comparison  with  the 
conditions  for  which  the  curves  were  plotted.  The  most  expedient  procedure 
in  employing  this  method  for  calculating  the  cost  of  producing  parts  is  to 
prepare  point  graphs  applicable  to  each  type  of  production  and  to  standard 
representatives  of  specific  classes  of  parts  (see  Chapter  3).  The  range  of 
parameters  analyzed  should  not  be  large.  For  the  pinion  class,  for  example, 
with  specified  requirements  on  precision,  the  following  parameters  can  be 
selected:  pitch  circle  diameter  (or  outside  diameter  for  bevel  gears),  number 
of  teeth,  net  weight,  number  of  machined  surfaces  (other  than  gear  teeth). 

For  each  parameter  we  plot  the  relationship  of  its  magnitude  and  points. 

We  obtain  the  value  factor  quantity  on  the  basis  of  statistical  studies,  em¬ 
ploying  the  plotted  curves. 

The  cost  of  producing  a  designed  gear  for  a  given  type  of  production  is 
determined  as  follows:  points  are  determined  for  each  parameter,  and  then 
these  points  are  added  together  and  the  sum  value  is  multiplied  by  the 
value  factor. 

Table  1.16.  Input  Data  for  Automotive  Bevel  Gears,  for  Determining  Value 
Factor 


1 

Ule- 

CTepHH 

’?HCTI>iri 
Bee  (? 

B  Ka 

3 

Hhcjio 

3y6beB 

z 

^HCJIO 

o6pa6a- 
TbieaeMbix 
noBepx- 
HOCTCft  n 

5 

HapyWHbifi 

AHaMerp 

B  MM 

6 

s 

6a  ji- 
JIOB 

7 

Tpyflo- 

eMKOCTb 

T  B  MUH 

6 

Tj'S. 

6aji* 

JIOB 

A 

11,4 

22 

15 

180 

6,37 

220 

35 

B 

3,88 

11 

10 

107 

2,82 

106 

38 

B 

2,7 

22 

20 

135 

3,65 

133 

36,5 

Key  to  table:  1  —  gears;  2  —  net  weight  in  kg;  3  —  number  of  teeth;  4  — 
number  of  machined  surfaces;  5  —  outside  diameter  in  mm,  6  —  points;  7  — 
labor  requirements  T,  in  minutes 
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Table  1.16  contains  as  an  example  figures  on  automotive  bevel  gears  produced 
in  a  quantity  of  1,000-3,000  units  per  year.  Employing  the  point  system 
(Figure  1.30),  we  can  calculate  specific  labor  requirements  per  point.  They 
are 

35 -j-  38 36,5  _  ^0  g 
3 


Utilizing  Figure  1.30  and  the  specific  labor  requirements  index,  we  can 
determine  the  approximate  labor  requirements  of  designed  bevel  gears  at  a 
specified  scale  of  manufacture.  Cost  of  production  is  calculated  with 
formula  (1.11). 


Figure  1.30.  Point  system  for  Calculating  Bevel  Gear  Labor  Requirements 

Key  to  figure:  1  —  weight;  2  —  number  of  teeth;  3  —  number  of  machined 
surfaces;  4  —  maximum  diameter;  5  —  points 


Calculation  based  on  correlations.  Functional  and  correlational  dependences 
are  of  considerable  interest  for  calculating  the  cost  of  producing  parts  of 
various  classes.  The  existence  of  such  relations  would  make  it  possible  at 
the  detailed  engineering  stage  to  find  the  cost  of  producing  parts,  as¬ 
semblies,  units  and  items  as  a  whole  with  an  accuracy  very  closely  approach¬ 
ing  actual  production  cost. 

However,  at  the  present  time  we  are  familiar  with  only  a  few,  unsystematized 
correlation  formulas  for  calculating  cost  of  production. 

For  example,  in  calculating  the  cost  of  producing  gears  with  formula  (1.11) 
under  conditions  of  series  production  (annual  production  300-1,000  units), 
the  paired  correlation  formula  was  employed  to  determine  outlays  on  materials: 

M  =  ( O^IG^  +  0,25)K, _ (1.56) 

where  M  —  outlays  on  basic  materials,  rub/unit;  Gjj  —  net  weight  of  part  by 
drawings,  kg;  K  —  coefficient  which  takes  into  account  the  difference  in 
wholesale-release  prices  on  materials  (K=l  with  a  wholesale-release  price 
per  ton  Cin=100  rubles). 
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To  calculate  basic  wages  of  production  workers  L,  we  employed  an  integral 
index  which  sums  up  individual  paired  relations  [see  formula  (1.18)]: 


+  S„.2  +  S„G, 


Us 


riibjiunit,  (1*57) 


where  1  —  gear  length,  including  shanks,  mm;  d^  —  gear  diameter  on  pitch 
circle  (for  bevel  gears  —  outside  diameter) ,  mm;  z  —  number  of  teeth; 

Gn  —  net  weight,  kg;  in  rub/mm,  Sy2  in  rub/mm,  Sy,  in  rub/tooth, 

Sy^  in  rub/kg  —  value  specific  indices  (see  Table  1.1/). 


Table  1.17.  Value  Specific  Indices  for  Gears  of  Various  Type 


1  ,  Thh  luecTepeH 

B  pydiMM 

^yt 

B  pydjMM 

B  py6/3y6 

Sy, 

B  pyS/az 

0  c  BHytpeHHHM  saiieruieHHeM 
Ac  BHeuiHHM  saueiuieHHeM 

5  SByxBeHUOBue . 

6  KommccKHe . 

0,060 

0,025 

0,040 

0,020 

0,012 

0,012 

0,012 

0,012 

0,06 

0,06 

0,11 

0,11 

0,40 

0,40 

0,40 

0,25 

Key  to  table:  1  —  gear  type;  2  —  spur;  3  —  with  internal  gearing;  4  — 
with  external  gearing;  5  —  two-rimmed;  6  —  bevel 


For  steel  shafts  under  the  same  conditions  of  manufacture,  correlations 
will  be  expressed  as  follows: 

M  —  (0,03G^  -f  0,2)  K  rub/xmit  (1.58) 

L  =  0,02G^  +  0,5  rub/\mit,  (1.59) 

for  gray  cast  iron  housing  components 


^  —  0,05G,,  +  0,25  rub/unit  (1.60) 

•4  =  0,55Gv’^^  rub/unit,  (1-61) 


for  sheet  steel  covers  (structural  steel) 

M=0,64G,  rub/unit,  (1.62) 

of  gray  cast  iron 

A1  =  0,0675G,  rub/unit  (1.63) 

L  =  0,175G„  +  0,3  rub/,unit,^  - 
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for  cast  brackets,  levers,  housings  of  40L  steel 


M  =  0,087 rub/un^-t  (1.65) 

Z-  =  0,167G^  rub/unit,  (1.66) 


If  M  and  L  are  known,  the  cost  of  producing  a  part  can  be  calculated  with 
the  following  formula: 


where  Kj^,  K2,  K3  —  percentage  of  shop,  general  plant  and  nonproduction 
expenditures  respectively. 

Designers  could  be  greatly  assisted  by  formulas  derived  with  the  aid  of 
multiple  correlation  methods.  Such  formilas  not  only  make  it  possible  to 
refine  production  cost  calculations  but  also  help  in  estimating  the  degree 
of  influence  of  each  of  the  evaluated  parameters  on  production  cost  [see, 
for  example,  formula  (1.41)].  Designers  could  more  precisely  determine 
which  design  parameters  of  parts  of  a  given  class  exert  decisive  influence 
on  the  cost  of  manufacture  and  could  devote  greater  attention  to  correct 
selection  of  these  parameters. 

Table  1.18.  Input  Data  for  Bevel  Gear  Parameters 


1 

UlecTepiiH 

2 

HapyxcHbift 

AHaMeip 

B  MM 

3 

MHCTbifl  Bee 
Cr^  B  K3 

4 

MoAy^ib 

m 

■^acuiTaC 

BhinycKa 

^pyAoev.KocTb 
Tq  B  HOpMO- 
MHnyrax/uiT, 

A 

83 

1,1 

5 

600 

125 

V  B 

80 

0,5 

6 

3720 

59 

B 

180 

6,4 

8 

50 

308 

r 

460 

29,8 

12 

25 

1127 

7 

CyMMa  2 

803 

37,8 

31 

4395 

1619 

CpeflHee 

SHaqeHHe 

D«=201 

G,i=9,4 

00 

II 

lv,oa=1099 

7’a=405 

8 

Key  to  table:  1  —  gears;  2  —  outside  diameter  in  mm;  3  —  net  weight,  kg; 
4  —  modulus;  5  —  scale  of  production;  6  —  labor  requirements  in  norm- 
minutes/unit;  7  —  sum;  8  —  average  value 
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Table  1.19.  Deviation  of  Bevel  Gear  Parameters  from  Average  Values 


1 

78  900 

119716 

9  409 

521  284 

728  809 

82  202 

427 

ppejiauHH, 

. 

"r 

> 

—280 

—346 

0*7 

CM 

o 

«s 

o 

s 

o. 

CO 

B 

o 

:a: 

1  ^ 

s,  s 
^  Is; 

1 

249  001 

6  869  641 

1  100401 

1  153  476 

9  372  519 

2  343  130 

1531 

\  ^ 

1  O 

1 

:5:  1 

> 

—499 

2621 

—1049 

—1074 

b 

K 

s 

o 

b; 

a> 

et 

s 

e 

05  O 

0) 

a 

lO  05  c 

oa  to  o 

05  CM  5 

CNi 

Is 

1 

E 

M 

HH 

> 

s 

\  s 

X 

s 

9 

04 

a* 

V 

a. 

68,89 

79,21 

9,0 

416,16 

537,26 

143,3 

11,9 

lU  C  AaHHUM 

'i 

M 

M 

—8,3 

—8,9 

n 

>  Th 

)  o 

« 

a 

u 

a 

o 

s 

5 

Q 

04 

5i 

13  924 

14  641 

441 

67081 

a 

CM  ic  K 

00  CM  lO  s 

o  o  »-•  3  . 

CO  Tt*  .  "g  * 

O’  <N,  |S 

'  ^  S: 

IQ* 

<5 

« 

M 

00  «-• 

-  2  s: 
t  1 

05 
«  iO 
<N 

«'2' 

«  « 

X  E 

.  S  s 

9  X 

o  S 

rH 

IB 

B 

a 

a> 

u 

t; 

3 

<  U3  C9  U. 

$  ^ 

ti  :W  S 

^  V 

11  •  “ 
o  >o 

e 

Key  to  table:  1  —  gears;  *  —  in  order  to  facilitate  subsequent  calculations 
those  columns  with  figures  needed  to  determine  paired  correlation  factors 
are  designated  by  Roman  numerals 


Employment  of  the  multiple  correlation  method  will  produce  substantial  ef¬ 
fect. 

Let  us  examine  an  example  of  constructing  a  correlation  equation  with  a 
linear  character  of  relation  [of  the  type  of  formula  (1.20)]  on  the  basis  of 
utilization  of  paired  correlation  factors.  Input  data  on  bevel  gear  para¬ 
meters  for  determining  the  relationship  ])etween  them  and  machining  labor 
requirements  with  identical  requirements  pertaining  to  precision  are  con¬ 
tained  in  Table  1.18.  Deviations  from  the  average  value  of  bevel  gear 
parameters  are  contained  in  Table  1.19. 

To  find  paired  correlation  factors  we  shall  multiply  the  corresponding 
figures  in  the  columns  designated  by  Roman  numerals,  and  we  shall  transfer 
the  results  to  Table  1.20. 

Table  1.20.  Input  Data  for  Finding  Paired  Correlation  Factors 


Ule- 

CiepHH 

Gears 

in 

llii 

I-lV 

1-V 

ii-ni 

A 

979,4 

354 

58  882 

33  040 

24,9 

B 

1076,9 

242 

—317141 

41  866 

17,8 

B 

63,0 

0 

22  029 

2  037 

6 

r 

5283,6 

1036 

—278  166 

186  998 

81,6 

I 

.  7402,9  ■ 

1632 

—514  396 

263  941 

124,3 

IIIV 

IIV 

IIIIV 

IIIV 

IV-V 

4141,7 

2324 

1497 

840 

139  720 

—23326,9 

3079,4 

—5242 

692 

—906866 

3147 

291 

.  0 

0 

101  753 

—21909,6 

14728,8 

—4296 

2888 

—775  428 

—37947,8 

20423,2 

—8041 

4420 

-144082 

According  to  equation  (1.16),  the  paired  correlation  factor  will  be  equal  to 


71 


then,  utilizing  the  values  found  in  the  tables,  we  shall  obtain 


^i,n=-~^4=r  =  0,997; 


)/96  087-573,26 


/  96  087-29 

IV  =  =  -  0,542; 

/96  0a7-9  372  519 

=  - =0,997; 

Y  96  037-728809 

^ii  iii  =  — - =  0.964: 

■  ^  V"573 ,26-29 


IV  =  ’  -  =  -  0,518; 


—  37  947,8 
/573 ,26 -9  372  519 
2'i423 ,2 


V  =  .  =  0,999; 

/  573,26-728  809 

^n.  V  “ -:r:==^  -  0,961; 
v  29-728  809 

-  1440  831  _ 

^iv,  V  ''  .  —  —  0,551. 

K9  372  519-728  809 


We  shall  substitute  the  obtained  paired  correlation  factor  values  in  matrix 
(1.32): 

h  +  0,997?3  +  0,97833  -  0,542?4  =  0,997;  i ' 

0,9973i+?2  + 0.96433  — 0,518^4  =  0,999;  ^  ; 

0,978^1  4-  0,964^2  +  Ps  -  0,448^4  =  0,961 ;  | 

—  0,5423i—0,518?2 -0,488^3 +  ?4  =  -0,551.' 


Below  is  a  matrix  solution  for  finding  coefficients  B.  First  we  solve  the 
system  of  equations  for  excluding  parameters  B]^: 

(1  —  0,997  •  0,997)  ?2  +  ( I  •  0,964  —  0,997  -  0,978)  P3  + 

+  (-  0,518  •  1  +  0,997  -  0,542)  P4  =  0,999  - 1  -  0,997  -  0,997; 

(0,964-1  -0,978-0,997)^2  +  (1  -0,978-0,978)  P3  + 

+  (-0,488- 1  +  0,978-0,542)  ^4  =  0,961  - 1  -0,978-0,997; 

(-0,518-1  +0,542-0,997)P2  +  (— 6,488-1  +0,542  X 
X  0,978)  p3  +  (1  - 1  -  0,542  •  0,542)  ?4  =  - 0,55 1  - 1  + 

+  0,997-0,542 
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and  we  obtain  a  new  system  of  three  equations; 


0,00632  _  0.0 1 IP3  +  0,022^,  =  0,005; 

—  0.01  lp2  +  0,04483  +  0,042^4  =  —  0,014; 
0,022p2  +  0)042^3  +  0,706^4  =  0,01 1, 


or,  multiplying  by  1,000, 

6^2-1  IPs +  22^4  =  5; 

-IIP2  + 4483 +  4284  =-14; 
22P2  +  42?3  +  7O6P4  =  -11. 


Continuing  calculation  of  matrix  parameters,  we  eliminate  parameter  82* 

(6-44- 11-11)^3+  (6-42+  ri.22)P4  =  — 6-14  +  5-1I; 

(6-42  +  11 -22)^3 +  (6.706  — 22-22)^4  =  — 6- 11  — 5-22 


and  we  obtain  a  system  of  two  equations; 

1 43p3  +  494^4  =  —  29;  V 
494^3 +  3752^4  = -176./ 


Its  solution  provides  us  with  the  following  values  of  coefficients  83  and 
84  of  the  equation  in  a  standardized  scale  (1.33); 


(143-3752  —  494 -494)  p4=  —  143- 176  +  494-29 
292  500P4  =  —  10  842 
^4=- 0,037 

-  176  -  37528^  ^  -0,075. 

494 


Then  coefficients  82  ^^d  81  respectively  are  equal  to 

-  5+II83-22P4  5-0.825  +  0.814  _nais. 

P* "  6  6 

Pi  =  0,997  —  0,997^2  —  0,978P3  +  0,542^4  =  0,997  —  0,815  + 
+  0,073  —  0,02  =  0,235.  _ 


73 


The  multiple  correlation  coefficient  determined  with  equation  (1.35), 


r  =/0, 997 -0,235  +  0,999-0,818  -i-  0,961  (—0,075)  + 
+  (-  0,551)  (—0,037) 


and  equal  to  r=0.99  —  is  very  high. 


Transition  from  3-coefficients  to  parameters  a±  is  performed  with  a 
modulus  [equation  (1.34)]: 


In  this  case 


T,  =  flo  +  0,235  ^i)„  +  0,818j^G,- 

-0,075g^m-0,037g^)V,,,; 
r,  =  ao  +  (0,65D,,  -  1 1,9m)  +  29,3G,  -  0,01 

To  find  parameter  ag  we  substitute  into  the  equation  average  values  of  input 
data  from  Table  1.18: 


^  405  -  (0,65  -  20 1  —  1 1 ,9  -  8)  —  29,3  -  9,4  +  0,0 1  - 1099  = 

_  . _ =405  —  36  —  276  +  11  =  104-  . . 

The  formula  we  are  seeking  for  determination  of  the  labor  requirements  in 
the  manufacture  of  bevel  gears  has  the  form 

Ta_=J04  +  ^,65D„  —  1 1,9m)  +  29,3G„  - 

-OjOlNyggj.  norm-min/unit.  (1.67) 

Let  us  examine  an  example  of  obtaining  a  correlation  formula  for  an  exponential 
function  between  variable  y  (labor  requirements  for  the  manufacture  of  smooth 
shafts)  and  parameter-arguments  x^,  X2,  xg  (net  weight,  scale  of  production, 
number  of  machined  surfaces) .  The  input  data  for  our  calculation  are  con¬ 
tained  in  Table  1.21. 

Table  1.21.  Input  Data  for  Calculating  Correlation  Formula  Parameters 


1 

Bajiu 

2 

'iHCThift  Bee 

Gq  B  K3 

3  MacmTa6 

BbinycKa 

^eod 

B  uiT/roA 

Hhcjio  o6pa- 
CaTUsaCMbix 
noBepXHocxeft 

_  TpyAoeMKoCTb 

5  Tg 

B  HOpMOMHHyrax/ 
lUT. 

r 

1,19 

1845 

20 

244 

a 

31 ,2 

39 

10 

142 

E 

1.3 

278 

15 

83 

74 


Key  to  Table  1.21  on  preceding  page:  1  —  shafts;  2  —  net  weight  in  kg; 

3  —  scale  of  production,  in  units  per  year;  4  —  number  of  machined  sur¬ 
faces;  5  —  labor  requirements  in  norm-minutes  per  unit 


Input  data  matrix 


1,19 

1845 

20 

244 

31,2 

39 

10 

142 

1.3 

278 

15 

83 

X2 

^3 

1/ 

The  equation  we  seek  [see  equation  1.37)]  has  the  form 

y  =  aaXi'xl'xt  _ 

or  after  taking  logarithms  (see  equation  (1.38)]: 

Ig  y  =  Ig  flo  +  h  Ig  +  ^2  *2  '’^2  ^2  '2  ^3- 

We  shall  designate 

Ig  y=z  and  we  obtain  [see  equation  (1.39)]: 

By  taking  logarithms  for  each  term  in  the  above  matrix,  we  obtain  matrix 


0,0755 

3,2660 

1,3010 

2,3874 

1,4942 

1,5911 

1,0000 

2,1523 

0,1139 

2,4440 

1,1761 

1,9191 

«2 

“3 

z 

We  determine  unknowns  a’g,  bj^,  b2»  b3  with  the  aid  of  a  Gram  matrix  [see 
equation  (1.24) ] . 

We  shall  find  parameters  ay : 

N 

^oo  —  ^^  =  N  =  4-  —  number  of  equations; 


«oi  -  <3io  =  =  0,0755  +  1.4942  +  0,1139  =  1,6836; 

Co2  =  ^20  =  2]«2  =  3,2660  +  1,591 1  +  2,4440  =  7,301 1 ; 

Oo3  =  ago  =  =  1,3010  4-  1,0000  +  1,1761  =  3,4771; 

ail  =  =  (0,0755)2  +  (1,4942)2  +  (0,1 139)2  =  0,00570  + 

+  2,2300-1-0,0129  =  2,2486; 


75 


4- 0,1 139  •2,444  =2,906; 


Cij  =  a3i  =  2«i«3  =  0,0755.1,3010+  1,4942-1  +0,1 139  X 
X  1,1761  =  1,7263; 

^  (3  2660)2  +  (1,591 1)^  +  (2,4440)2  =  10,65  + 
+  2,53  +  5,97  =  19,15; 

023  =  ^32  ==  E«2«3  =  3,266  •  1 ,301  +  1 ,591 1  •  1  +  2,444  X 
X  1,1761  =8,7111; 

fl33=  2u3  =  (1.301)2+  12 +  (1,1761)2  =  1,69  + 

+  1  +  1,38  =  4,07; 

=  22  =  2,3874  +  2,1523  +  1,9191  =  6,4588; 
au  =  2%2  =  0,0755-2,3874  +  1,4942-2,1523  +  0,1139  X 
X  1,9191  =3,611; 

=  2+2  =  3,266-2,3874  +  1 ,591,1  •  2,1523  +  2,444  X 
X  1,9191  =  15,75; 

=  2+2  =  1 ,301  •  2,3874  +  1  •  2, 1523  + 

+  1, 1761. ■1.9191_=  7,505,  . _ _ _ :  ^ 


We  obtain  a  system  of  equations: 

'  4ao  +  1,6863  +  7,3062  +  3,4863  =  6,46; 

1 ,68ao  +  2,2563  +  2,9162  +  1,7363  =  3,61 ; 

7,30ao  +  2,9163  +  19,1562  +  8,7163  =  15,75; 

.  3,4800+1,7363  +  8,7162  +  4,0763  =  7,50, 

which  we  solve  by  the  method  of  sequential  elimination  of  unknowns: 

(1  •  2,25  -  1 ,68  •  0,42)  63  +  (1  ■  2,91  -  1 ,68  •  1 ,82)  62  + 

+  (1  •  1,73  —  1,68-0,87)  63  =  1  -3,61  —  1,68- 1,61; 

(1  -2,91  —  7,3-0,42)  61  +  (1  •  19,15  —  7,3-1,82)  6,  + 

+  (1-8,71  -  7,3-0,87)  63  =  1  -15,75  -  7,3- 1,61; 

(1  •  1 ,73  -  3,48  •  0,42)  63  +  (1  -  8,71  —  3,48  ■  1 ,82)  62  + 

+  (1-4,07  —  3,48-0,87)63=  1.7,5-3,48-1,61; 

63  +  0,09762  +  0,17663  =  0,586; 

-0,15563  +  5,8762  +  2,3663=4; 

0,27  63  +  2,38  62  +  1 ,04^3  =  1J:. _ 
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(I  •  5,87  +  0, 1 55  •  0.097)  62  +  (1  •  2,3  +  0, 155  •  0, 1 76)  63 
=  I -4 +  0,155-0,586; 

(1  •  2,38  -  0,27  •  0,097)  +  (M  ,04  -  0,27  •  0, 1 76)  63  = 

=  1-1,9  —  0,27-0,586; 

J  ^2  +  0,40663  =  0,696; 

(2,35462  +  0,99363=  1,742;  J 
(1  -  0,993  —  2, 354  •  0,406)  63  =  1  •  1 ,742  —  2, 354  •  0,696; 
0,103 


0,038 


=  2,71; 


62  =  0.696  —  0,406  -  2,71  =  0,696  —  1 , 1  =  —  0,404; 

6i  =  0,586  —  2,7 1  -  0, 1 76  +  0,097  -  0,404  =  0, 1 46; 
a;  =  1 ,6 1  —  0, 1 46  -  0,42  +  0,404 . 1 ,82  —  2,7 1  -  0,87  = 
=  —0,071. 


We  obtain  equation 

2  =  —  0,071  +  0,146mi  — 0,404  «a  + 2,71  «3; 


after  taking  antilogarithms,  the  desired  formula  assumes  the  following  form: 

i/ =  0,8492  >  “6  jc^o.4  04 


or 

T’e  =  0,8492  norm-minutes/unit  (1.68) 


Influence  of  precision  of  machining,  surface  finish  and  scale  of  production 
on  cost  of  production.  The  cost  of  producing  parts  is  greatly  influenced  by 
the  required  precision  and  surface  finish,  which  is  desirable  to  take  into 
consideration  when  deriving  a  correlation  formula.  Figure  1.31  [1]  shows 
the  relationship  between  cost  of  machining  on  the  one  hand  and  surface 
finish  and  tolerances  on  the  other  (according  to  the  figures  of  the  Warner 
and  Swasy  Company),  while  Figure  1.32  shows  the  relationship  between  the 
cost  of  an  operation  and  machining  precision  according  to  the  figures  of 
S.  A.  Tllles;  fFigure  1.33  shows  the  relationship  between  machining  costs  and 
precision  of  manufacture  [7]. 
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Figure  1.31.  Relationship  Between  Cost  of  Machining,  Surface  Finish  and 
Tolerances 

Key  to  figure:  1  —  increase  in  cost  of  machining;  2  —  surface  roughness; 

3  —  tolerance;  4  —  transverse  feed;  5  —  longitudinal  feed;  6  —  tolerance 
less  than;  7  —  factor  characterizing  relative  surface  roughness;  8  —  ratio 
of  hole  depth  to  drill  diameter 


Figure  1.32.  Relationship  Between  Cost  of  Producing  a  Part  and  Machining 
Precision 
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Figure  1.33.  Relationship  Between  Cost  of  Machining  and  Precision  of  Manu¬ 
facture 


Key  to  figure:  1  —  expenditures  on  machining  in  standard  units;  2  — 
tolerance;  I  —  machining  a  hole:  drill,  shaft-cold  drawn  rod;  II  —  machin¬ 
ing  a  hole:  drill,  debarring,  ream;  shaft  machining:  grinding;  III  — 
machining  a  hole:  drill,  grind;  machine  shaft:  grind;  IV  —  machining  a 
hole;  drill,  grind,  finish;  machining  a  shaft,  turn,  grind,  finish 


Figure  1.34.  Relationship  Between  Relative  Cost  of  Producing  Parts,  the 
Scale  of  Their  Production  and  Weight 


Key  to  figure:  I  —  parts  with  average  weight  of  0.25  kg;  II  —  parts  with 
average  weight  of  100  kg 
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The  question  of  the  influence  of  scale  of  production  on  production  cost  has 
been  examined  in  detail  above.  Here  we  are  merely  concretizing  the  given 
relationship  as  applied  to  various  types  of  parts.  Figure  1.34  [7]  shows 
the  relationship  between  relative  production  cost,  the  weight  of  parts  and 
the  scale  of  their  production.  Tables  1.22,  1.23  and  1.24  [5]  contain  ap¬ 
proximate  figures  on  production  run  factors  based  on  production  cost  6, 
labor  requirements  6^,  and  basic  materials  6jji,  which  can  be  utilized  to 
correct  corresponding  quantities  in  scale  of  production. 

Table  1.22.  Production  Run  Factor  6  Values  (for  cost  of  producing  parts) 
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Key  to  Table  1.22  on  preceding  page:  1  —  parts  and  semimanufactures;  2  — 
ratio  of  proposed  annual  output  volume  of  newly-designed  pact  to  output  volume 
of  currently-manufactured  parts;  3  —  investigated  limits  of  annual  produc¬ 
tion  schedule;  4  —  gray  iron  castings;  5  —  forgings;  6  —  stampings  of 
carbon  (a)  and  alloy  (b)  steels;  7  —  spur  gears  to  2  kg;  8  —  steel  gears 
to  20  kg;  9  —  steel  sprocket  wheels  to  1  kg;  10  —  steel  sprocket  wheels  to 
5  kg;  11  —  bushiigs  to  1  kg;  12  —  bronze  bushings  to  10  kg;  13  —  shafts 
from  rods  to  30  kg;  14  —  ferrous  bolts  with  nuts 


Table  1.23  Production  Run  Factor  Values  (for  parts  labor  requirements) 


81 


Key  to  Table  1.23  on  preceding  page:  1-5  —  see  key  to  Table  1.22;  6  — 
carbon  steel  stampings;  7  —  alloy  steel  stampings;  8  —  spur  gears  to 
2  kg;  9  —  steel  spur  gears  to  20  kg;  10  —  sprocket  wheels  of  45  steel  to 
1  kg;  11  —  sprocket  wheels  of  45  steel  to  5  kg;  12  —  vee-belt  pulleys  to 
5  kg;  13  —  cast  iron  vee-belt  pulleys  to  40  kg 


Table  1.24.  Production  Run  Factor  6,jj  Values  (for  basic  materials  of  parts) 


1 

OTHomcHHe  npeAnoJiaraeMoro 

2  roAOBoro  Bbinycica  npocKTH- 
pycMoii  AfrTajiH  k  roAOBOMy 
BwnycKy  ocBoeHHUx  ACTajieft 
^eodf^  j^eod^ 

3 

HccjiCAOBaH- 
Hbie  npeABJibi 
roAOBoft 
nporpaMMbi 
^eod 

2 

3 

5 

7 

10 

20 

4  UlecTepHH 

CKKe  crajibHHe  ao  0,2  kz 

0,93 

0,90 

0,85 

0,82 

0,80 

0,74 

10 — 300  000  HIT. 

5  SBeaaoqKH  fljia  ueneft 
H3  CTajiH  46  ao  1  Ka  .  . 

0,89 

0,82 

0,75 

0,7] 

0,66 

0,58 

20 — 500  000  uiT. 

,  SBeaaoiKH  RJia  ueneft 
m  CTajiH  45  ao^5  kz  .  . 

0,95 

0,92 

0,88 

0,85 

0,83 

0,79 

20-500  000  HIT, 

7  IUkhbu  KJiHHopeMeuHue 
qyryHHbie  or  5  ao  40  /ca 

0,97 

0,95 

0,92 

0,91 

0,89 

0,86 

1—100  000  UIT. 

Key  to  table:  1-3  —  see  key  to  Table  1.22;  4  —  steel  spur  gears  to  0.2  kg; 
5  —  sprocket  wheels  of  45  steel,  to  1  kg;  6  —  sprocket  wheels  of  45  steel, 
to  5  kg;  7  —  cast  iron  vee-belt  pulleys,  5  to  40  kg 
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Figure  1.35.  Relationship  Between  Percentage  Share  of  Outlays  on  Materials 
M  and  Production  Worker  Wages  L  on  the  One  Hand  and  Weight  of  Plastic  Parts 
on  the  Other 


Figure  1.35  contains  an  example  of  change  in  the  structure  of  the  production 
cost  of  plastic  parts  [5]  in  relation  to  their  weight. 
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It  is  particularly  important  to  know  the  production  cost  structure  of  parts 
of  similar  designs  in  those  cases  where  the  percentage  share  of  outlays  on 
materials  is  fairly  high.  Then  one  can  employ  formula  (1.54)  without  major 
errors  in  the  accuracy  of  calculations.  As  already  noted,  it  is  significant¬ 
ly  simpler  to  determine  outlays  on  materials  at  the  given  stage  of  the 
design  process  than  to  calculate  labor  requirements  and  wages. 

Transition  at  the  detailed  engineering  stage  to  part-by-part  relations  for 
complex  units  and  assemblies  possessing  a  high  degree  of  innovation  makes  it 
possible  to  bring  the  accuracy  of  production  cost  calculations  almost  up  to 
the  accuracy  of  planning  calculations  performed  in  the  process  of  preproduc¬ 
tion  engineering. 

On  the  whole  one  can  assume  that  certain  methods  of  calculating  production 
cost,  particularly  correlation  analysis  methods,  ensure  fully  sufficient 
accuracy  for  subsequent  analysis  of  the  technical-economic  effectiveness  of 
the  newly-designed  machinery  item  at  the  preproduction  design  stage. 
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CHAPTER  2. 

PRODUCTION  COST  CALCULATIONS  DURING  PREPRODUCTION  ENGINEERING 


1.  Methods  of  Determining  Production  Cost 

Preproduction  engineering  is  effected  in  several  stages  performed  in 
sequence  or  parallel-sequence.  In  general  these  stages  include  the  follow¬ 
ing:  elaboration  of  manufacturing  process  routing  and  operation-by-opera¬ 
tion  manufacturing  processes,  design  and  fabrication  of  process  equipment, 
its  testing  and  adjustment,  and  turning  over  manufacturing  processes  to 
production  shops.  The  composition  and  degree  of  elaboration  detail  for 
each  stage  of  preproduction  engineering  are  determined  in  large  measure  by 
the  type  of  production.  For  example,  under  conditions  of  single-unit  produc¬ 
tion  the  principal  and  sometimes  only  stage  may  be  the  elaboration  of 
process  routing. 

As  individual  stages  are  completed,  an  Increasing  volvime  of  information  is 
collected  on  the  parameters  of  the  new  machinery  item,  particularly  manu¬ 
facturing  process  indices  (manufacturing  process  equipment  factors,  employed 
equipment  and  accessory  support,  machining  conditions,  etc);  organizational 
indices  (level  of  production  flow,  level  of  work  station  specialization  and 
procedure  of  work  station  operation  and  support),  etc  (see  Figure  3). 


Figure  2.1.  Relationship  Between  Specific  Production  Cost  of  Lathes  and 
Process  Equipment  Factor 
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This  volume  of  information  makes  it  possible  to  perform  plan-specified  cal¬ 
culations  on  machinery  production  cost  with  a  high  degree  of  accuracy 
(Table  2.1).  At  the  first  stage  of  preproduction  engineering  one  can  effect 
further  refinement  of  previously— performed  calculations  by  the  methods 
discussed  in  Chapter  1.  In  series  and  mass  production  one  can  calculate 
planned  production  cost  by  methods  based  on  the  appropriate  instructions  of 
USSR  Gosplan  [8]  only  after  establishing  at  the  second  and  third  stages  of 
preproduction  engineering  standard  figures  on  the  various  types  of  outlays 
contained  in  production  cost. 

Table  2.1.  Methods  of  Determining  Production  Cost  at  Different  Stages  of 
Preproduction  Engineering 


CocTas  ocHOBHbix  paOoT 


npHMcpHwft  nepe'JcHb  napaMcr- 

^  pOD.  BJIHBIOIUHX  Ha  CeOcCTOH- 
3  MOCTb  M  H3BCCTHi>IX  Iia 

STane 


.  Cnoco6  pacMcxa  ce6ecTOH- 
4  MOCTH 


5  Pa3pa6oTKa  wapm- 
pyTHOH  TeXKOJIOrHH 


Q  Pa3pa6oTKa  flerajib- 
Hbix  TexHoao^H^ecKnx 


\  nponeccoB 


6  yTOTHCHHe  npHHUKnHajlbHOH 
cxeMbi  c6opKH  HsaejiHH; 

cocTaaneiine  cneuHcjJHKauHH 
MapoK  H  npotjiiMeS  MaTepnaJioB; 

pa3pa6oTKa  yKpynucHHbix  Hop- 
ManiBOD  pacxofla  MarepHajicB  h 
TpyfloeMKocTH; 

yTomieime  cneuH^iHKauHH  no- 
KynHUX  saroTOBOK,  ;ieTajieft,  ya- 
jioB,  arperaTOB  h  paspaGoTKa  tcx- 
HHMeCKHX  yoioBHfl; 

ycraHOBJieHHe  MapmpyroB  abh- 
x<emis  fleTajieft  h  onpeflejicHHe 
opHeHTiipoBOMHoro  oGbeMa  paGox 
no  nexaM; 

cocraBaeHHe  noaerajibHoft  cne- 
nH<})HKanHH  no  nawfloMy  nexy; 

npeABapHTsuibHoe  onpefl&neHHe 
K03(|)c(DHnHeHT0B  OCHameHHOCTH 
TexHOJiorHMecKHx  nponeccoB 
.(-.CocraBJieHHe  TexHH>iecKHx 

rycjioBHH  H  TexHOJiornnecKHx 
i  MepTewefi  na  aaroTOBKn; 


7  napaMCTpu,  HanecTHbie  H3 
KOHCTpyKTOpCKoii  nOflrOTOBKH 
npoH3BOflCTBa  (cm.  TaGJi.  1.1), 
a  TaKa<e  yxoHHeHHbiii  nepenenb 
KoonepnpoBaHiibix  nocxaBoK; 
yapyonenHwe  HopMarMBu 
pacxofla  MaTepnajioB;  yxpyn- 
HeHHwe  HopMaxHBbi  Tpy- 
flOCMKOCTH;  K09^)(})HnHeHTbI  OC¬ 
HameHHOCTH  TexHo.aorHHecKHx 
npoueccoB  h  sp. 


8  yTonHenHbie  pacnerbi  Me- 
TOAaMH,  paCCMOTpeHHblMH 

B  ra.  1:  mbtoa  yAeJibHwx 
noKaaaTeAeii,  mbtoa  Gaji- 

JIOB,  MBTOA  KOppejIHUHOH- 
Hbix  aaBHCHMOCTeft 


LITo  >Ke,  a  TaKHte  HopMw 
pacxo4a  MarepHajioB,  aopMbi 
BpeMCHH,  HopMbi  pacxo^a  Tex- 


12npeABapHTeabHafl  Kajib- 
KyaHUHH  njianoBofl  ce6e- 

CTOHMOCTH  MaLUHBbl  oGw'I- 


paapaCoTKa  noaexaabHbix  naii  I  HoaorHHecKoS  SHepniH  H  Ton- 1  hum  chocoGom 


noAeTa.abHO-noonepauHoHHux  h 
cGopoHHbix  TexHOJionmecKHx  npo- 
neccoB;  pacner  HopM  pacxoaa 
MaTepHa.iioB,  BpeMemi  H  Ap.;  paa- 
paGoTKa  MeroAOB  KourpoAH  Ka- 
necTBa 


AHBa,  IfflCTpyMeHTOB  H  T.  A- 


# 

(Table  cont'd  on  next  page) 
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Table  2.1  (cont'd) 


]3  ripoeKTHpoBaHHe  H  H3- 

roToaneHHC  ocHacTKH 


]_4CocTaBvneHHe  TexHHqecKoro  aa- 
ASHna  Ha  npoeKTHpoeaHHe  ocHacr- 
kh;  npoeKTupoBaHHe  rexHoaornqec- 
Koro  ocHameHHa;  yToqHeHHuii 
pacqeT  rexuHqecKHX  HopM  Bpeine- 
HH  HJIH  BbipafiOTKH,  HOpM  paCXO- 
Aa  MaTepHajioB,  Tonjiiiaa,  aneprHH, 
HHCTpyMeHTOB,  cocTaBaeime  cboa- 
Hbix  HOpM  TpyAOeMKOCTH  HO  ue- 
xaM  H  BHAa.M  pa6oT;  pacqeru 
aarpysKH  o6opyAOBaiiHsi  h  pa6o- 
MHx  NiecT;  cocTaBjieiiHe  HopM 
npHMBHaeMocTH  MaTepiiajiOB,  hh- 
CTpyMeirrajibHbix  Kapr,  cneu,H(})H- 
KauHii  HHCTpyMeiiTOB  h  flonoA- 
HHTejibHoro  o6opyAOBaiiHfl  H  t.  a*; 
HJiaHHpoBKa  oSopyAOBanHa  aa 
npoHSBOflCTBeHHbix  yqacTKax 


ISyTOMHeHHbie  HopMu  pacxoAa 
MarepHaTOB,  BpexieHa  hjth  bu- 
pa6oTKH,  pacxoAa  TexHOJiorH- 
qecKoft  aneprHH  h  TonjiHsa, 
HHCTpyMeHTOB,  aMopTHsauHH 

o6opyAOBaHHH  H  npHcnoco6 - 
jieHuft,  pacxoAOB  na  o6cjiy- 
JKHBaHUe  H  peMOHT  H  T.  A. 


IbVToqHeHHaa  naanoBaa 
KajibKyAHBHa  ce6ecTOH- 
MOCTH  MaUIHHU  ofiuqHbIM 
cnoco6oM 


Key  to  table:  1  —  stage;  2  —  composition  of  principal  operations;  3  — 
approximate  list  of  parameters  influencing  production  cost  and  known  at  the 
given  stage;  4  —  method  of  calculating  production  cost;  5  —  elaboration  of 
process  routing;  6  —  refinement  of  item  assembly  arrangement;  determination 
of  specification  of  materials,  grades  and  shapes;  elaboration  of  consolidated 
standard  figures  on  materials  expenditures  and  labor  requirements;  refine¬ 
ment  of  specification  of  purchased  workpieces,  parts,  assemblies,  units  and 
elaboration  of  specifications;  establishment  of  parts  routing  and  determina¬ 
tion  of  the  approximate  work  volume  for  each  shop  Involved;  preparation  of 
by— part  specification  for  each  shop;  preliminary  determination  of  manu¬ 
facturing  process  equipment  factors;  7  —  parameters  known  from  preproduc— 
tion  design  (see  Table  1,1),  as  well  as  a  refined  list  of  cooperative— manu¬ 
facture  items;  consolidated  standard  figures  on  expenditure  of  materials; 
consolidated  standard  figures  on  labor  requirements;  manufacturing  process 
equipment  factors,  etc;  8  —  refined  calculations  by  the  methods  discussed 
in  Chapter  1;  method  of  specific  indices,  point  method,  correlation  method; 

9  —  elaboration  of  detailed  manufacturing  processes;  10  —  determination  of 
specifications  and  process  drawings  for  castings,  forgings,  etc;  elaboration 
of  part-by-part  or  part-by-part  and  operatlon-by-operation  and  assembly 
processes;  calculation  of  standard  figures  on  expenditure  of  materials,  time, 
etc;  elaboration  of  quality  control  methods;  11  —  same,  as  well  as  standard 
figures  on  expenditure  of  materials,  standard  figures  on  time,  expenditure  of 
process  power  and  fuel,  tools,  etc;  12  —  preliminary  costing  of  plan- 
specified  machinery  item  production  cost,  by  conventional  method;  13  --  de¬ 
sign  and  manufacture  of  tooling;  14  —  tooling  preliminary  design;  designing 
process  equipment;  refined  calculation  of  standard  time  or  output  figures, 
standard  figures  for  expenditure  of  materials,  fuel,  power,  tools,  prepara¬ 
tion  of  summary  standard  labor  requirements  for  shops  and  types  of  operations; 
calculations  of  equipment  and  work  station  work  loading;  preparation  of 
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(Key  to  Table  2.1  continued  from  preceding  page)  standard  figures  for 
applicability  of  materials,  tool  charts,  specifications  on  tools  and 
supplementary  equipment,  etc;  production  section  equipment  planning;  15  — 
refined  standard  figures  on  expenditure  of  materials,  time  or  output, 
consumption  of  process  energy  and  fuel,  tools,  depreciation  on  equipment 
and  accessories,  outlays  on  servicing  and  maintenance,  etc;  16  —  refined 
plan  costing  of  machinery  item  production  cost,  by  normal  method 


At  the  first  stage  of  preproduction  engineering  for  series  or  mass  production 
one  can  figure  in  with  considerably  greater  accuracy  the  influence  on  produc¬ 
tion  cost  of  such  indicators,  for  example,  as  process  equipment.  We  know 
that  equipping  a  process  with  special  tools,  dies  and  accessories  is  deter¬ 
mined  in  large  measure  by  the  type  of  production  (Table  2.2).  It  is  also 
determined  by  the  complexity  of  the  parts  being  manufactured,  their  degree 
of  precision  and  interchangeability.  As  production  figures  grow,  process 
equipment  also  grows,  with  simple  general-purpose  equipment  replaced  by  more 
complex  and  expensive  special  equipment. 

Table  2.2.  Equipment  Factors  for  Various  Branches  of  Machine  Building  and 
Types  of  Production 


Thh  npoHSDOflCTBa 


1 

q  EAHHHIHOe 

MejiKOcepiiBiioe 

CepiiflHoe 

^  KpynnocepniiHoe 

7  MaccoBoe 

BhA  OCHaCTKH 

8 

CTaHKOCTpoe- 

KHe 

-^4 — ^ - 

CTaHKocTpoe* 

HHe 

5  - ^ — 

CxaHKocTpPe- 

Hiie 

CTaHKocrpoe* 

HHe 

9 

CejibX03Ma- 

UJMHOCTpoeHHe 

CejibXOSMa* 

UIHHOCXpOeHHe 

4d 

o  H 

|i^ 

!§• 

hB 

12  j]iiTeHHa5i  ocHacT- 
Ka  B  KOMnjieKTax 
llLHiaMnu  n  npec- 
c4)opMbi  B  KOMnjieK¬ 
Tax  . 

14  ripKcnocoSJieHiifi 

MexaHimecKOH 
'o6pa60TI\H  B  HIT. 

15  CnemiajibiibiH  pe- 

Kymiiii  KHCTpyMCHT 

B  HIT . .  . 

16  Cneu,HajibHbiH  Me- 

plITejIbHblft  HilCTpy- 
MeHT  B  UlT.  .  .  . 

1  TiriponHe  BHSbi  oc- 

HaCTKH  B  UlT.  .  .  . 

0,05 

0,08 

0,04—0,08 

0,09—0,2 

0,03 

0,06 

0 ,2—0 ,3 

0,15-0,25 

0,2—0,35 

0,07—0,1 

0,07 

0,1-0,15 

0,5—1 ,0 

0,3— 0,5 

0,4— 0,8 

0,15-0,2 

0,07 

0,4— 0,5 

1 ,5—2 ,0 

0,6-0 ,8 

1,0-1, 4 

0,4-0, 6 

0,01— .0,03 

0,6— 0,7 

0,4— 0,5 

0,1— 0,2 

0,8— 2,0 

0,3 

0,01—0,03 

0,8— 0,9 

0,4— 0,6 

0,2— 0,3 

2,6— 2,8 

0,4— 0,6 

0,08 

1,02 

1,8 

3.0 

3,8 

0,8 

0,21 

0,72 

1,75 

2,7 

6.2 

0,9 

1  q06uihh  (cpeflHHii) 
■S«)3p4>HUHeHT  OCUar 
UieHllOCTH . 

0,3 

0,75 

2,2 

5,2 

2,21—3,73 

4,41—5,13 

10,5 

12,48 

Key  to  table:  1  —  type  of  equipment;  2  —  type  of  production;  3  —  single¬ 
unit;  4  —  small-series;  5  —  series;  6  —  large-series;  7  —  mass;  8  — 
machine  tools;  9  —  agricultural  machine  building;  10  —  truck  manufacture; 

11  —  tractor  manufacture;  12  —  foundry  equipment  in  sets;  13  —  dies  and  die¬ 
casting  molds  in  sets;  14  —  devices  and  fixtures  for  machining,  units; 
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CKey  to  Table  2.2  continued  from  preceding  page)  15  —  special  cutting  tools, 
units;  16  —  special  measuring  devices,  units;  17  —  other  types  of  equip¬ 
ment,  units;  18  — overall  Coverage)  equipment  factor 


Ensuring  high  labor  productivity,  the  latter,  in  spite  of  high  one-time  ex¬ 
penditures  on  its  manufacture  or  purchase,  reduces  the  cost  of  the  items 
produced.  Labor  productivity  increase,  for  example,  leads  to  a  decrease  in 
the  percentage  share  of  wages  in  production  cost,  while  mass  production 
diminishes  the  share  of  depreciation  allowance  and  other  outlays  per  unit  of 
output. 

Figure  2.1  indicates  the  relationship  between  the  specific  cost  of  producing 
lathes  and  the  equipment  factor  [12],  defined  as  the  ratio  of  the  number  of 
special  equipment  item  designations  to  the  number  of  item  designations  of 
unique  item  components. 

A  decrease  in  machining  labor  requirements  with  an  increase  in  the  equipment 
factor  is  characterized  by  the  following  figures: 

Process  equipment  factor  0  0.5  1.0  1.5  2.0  2.5  3.0 

Relative  labor  require¬ 
ments  of  parts  machining 
per  ton  of  machinery 

item  weight  1.80  1.00  0.60  0.40  0.28  0.20  0.10 

The  inclusion  of  such  indices,  in  a  point  evaluation  system  or  correlation 
formula,  for  example,  can  refine  the  production  cost  figures  calculated  in 
the  process  of  preproduction  design.  We  present  below  several  correlation 
formulas  which  can  be  utilized  at  this  stage  for  calculating  machinery 
production  cost.  These  formulas  also  include  several  process  parameters. 

For  gang  tools,  for  example,  in  designing  unique  assemblies,  machining  labor 
requirements  can  be  obtained  with  the  following  correlation  formula  [16]: 

7,^=  0, 4835  mO-2324  >0.3968  „0,29G2  norm-hours/unit ,  (2.1) 

where  m  —  number  of  machining  operations  for  all  parts  of  machine  tool 
unique  assemblies;  F  —  number  of  machined  surfaces  (or  in-process  moves); 
n  —  number  of  parts  in  unique  machine  tool  assemblies. 

Labor  requirements  of  gang  tool  clamping  fixtures 

r.  =  0,31 n'’’2486  norm-hours/unit,  (2.2) 

where  1%  —  mamber  of  process  operations  (machining)  for  all  parts  of  a 
unique  part  of  a  clamping  device;  —  weight  of  device,  kg;  n^  —  number 
of  parts  contained  in  unique  part  of  device. 
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The  labor  requirements  of  manufacturing  parts  of  gang  tools,  in  relation  to 
weight,  number  of  operations  and  number  of  machined  surfaces: 

Ta  —  0,160  /-o,  783  norm-hours /unit,  (2.3) 

o  o  o 

where  —  weight  of  part,  kg;  m^  —  number  of  machining  operations;  — 
number  of  machined  surfaces  Cor  in-process  moves) , 

In  many  cases  one  can  employ  to  calculate  production  cost  or  labor  require¬ 
ments  at  this  stage  refined  formulas  which  take  into  account  the  parameters 
of  the  equipment  used  in  manufacturing  these  parts.  We  offer  as  an  example 
formula  (2.4)  for  calculating  the  labor  requirements  in  producing  parts  of 
plastics  [5] : 

'^d  —  'o^a(J  -f  2)  norm-hours /unit,  (2.4) 

where  Gj  —  weight  of  part,  in  grams;  tq  —  average  duration  of  casting 
cycle  (depends  on  type  of  equipment:  the  greater  the  maximum  weight  of  casting 
permitted  by  the  equipment,  the  greater  quantity  tq),  in  minutes;  k^j  — 
parts  complexity  factor;  e  —  factor  (ratio  of  labor  requirements  for  trimming 
part  to  labor  requirements  of  molding);  Q  —  equipment  power,  tons;  kq  — 
equipment  power  utilization  factor. 

2.  Costing  Machinery  Plan-Specified  Production  Cost 

In  the  process  of  performing  additional  production  preengineering  activities, 
following  elaboration  of  detailed  manufacturing  processes  and  equipment  de¬ 
sign,  the  volume  of  known  information  on  the  new  machinery  item  increases 
sharply.  Precise  standard  figures  on  expenditure  of  all  materials,  standard 
figures  on  time  (or  output),  expenditure  of  process  energy,  tools,  etc  be¬ 
come  known.  This  makes  it  possible  to  effect  planned  determination  of  the 
cost  of  producing  the  new  machinery  item  and  to  make  a  final  verification  of 
the  correctness  of  the  prior-performed  analysis  of  technical-economic 
effectiveness. 

Classification  of  production  outlays.  For  purposes  of  planning  production 
cost,  all  production  outlays  are  divided  on  the  basis  of  the  following  main 
features:  by  costing  items,  by  expenditure  elements,  by  the  method  of  in¬ 
cluding  in  cost  of  production,  and  by  degree  of  dependence  on  production 
volume . 

Costing  items  are  used  to  differentiate  outlays  on  basic  materials;  pur¬ 
chased  component  items,  semimanufactures  and  the  services  of  cooperative 
manufacture  enterprises;  recoverable  waste  (subtracted);  fuel  for  process 
purposesl;  power  for  process  uses;  basic  wages  of  production  workers; 
production  worker  supplementary  wages;  social  insurance  contributions,  as  a 
percentage  of  production  worker  wages;  putting  new  products  into  production 
(for  enterprises  lacking  a  new  equipment  setup  fund);  amortization  on  tool 
wear  and  special-purpose  devices,  plus  other  special  expenditures;  equip¬ 
ment  servicing  and  maintenance,  as  well  as  shop,  general  plant  and  non¬ 
production  expenditures. 
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On  the  basis  of  expenditure  elements  we  must  distinguish:  material  outlays 
[outlays  on  basic  materials,  semimanufactures,  and  component  items  (minus 
recoverable  waste)] ,  auxiliary  materials,  fuel,  electric  power,  steam,  com¬ 
pressed  air,  etc  obtained  from  outside  sources;  enterprise  employee  basic 
and  supplementary  wages;  social  insurance  contributions;  depreciation  on 
fixed  assets;  cash  outlays  (administrative,  management,  etc). 

With  the  production  cost  inclusion  method,  outlays  are  broken  down  into 
direct  and  indirect. 

Direct  outlays  are  determined  on  the  basis  of  direct  count,  since  they  can  be 
established  on  the  basis  of  existing  standard  amounts  per  unit  of  output, 
such  as  standard  labor  requirements  (basic  worker  wages),  standard  consump¬ 
tion  of  basic  materials  (outlays  on  basic  materials) .  It  is  desirable  to 
apply  as  large  a  portion  of  production  outlays  as  possible  to  the  cost  of 
producing  individual  items  by  direct  attribute. 

Indirect  outlays  in  production  costing  are  figured  conditionally  (on  the 
basis  of  estimated  rates,  proportional  to  wages,  etc),  since  they  cannot 
be  applied  directly  to  a  given  specific  item.  They  include,  for  example, 
expenditures  on  shop  lighting  and  heating,  wages  of  engineer-technician  per¬ 
sonnel,  etc. 

By  degree  of  dependence  on  production  voltime  expenditures  are  divided  into 
standard- variable  (proportional)  and  standard-constant. 

The  sum  of  standard-variable  (proportional)  expenditures  for  a  year, 
quarter  or  other  period  changes  —  increases  or  decreases  —  proportional  to 
product  output  volume  (for  example,  production  worker  wages  when  paid  on 
a  piece-rate  system,  cost  of  basic  materials) . 

The  sum  of  standard-constant  expenditures  (annual,  quarterly,  etc)  does  not 
change  or  changes  insignificantly  with  a  change  in  production  volume  (for 
example,  expenditures  on  shop  heating,  lighting,  cleaning,  etc,  wages  of 
shop  supervisory  personnel  and  plant  administration  and  management,  etc). 
Therefore  with  an  increase  in  output  their  percentage  share  per  item  decreases. 
There  is  also  a  corresponding  decrease  in  machinery  production  cost.  On 
the  other  hand,  with  target  nonfulfillment  production  cost  increases  in  view 
of  an  increase  in  the  share  of  standard-constant  outlays  in  the  cost  of 
producing  a  unit  of  product. 

Figure  2.2  contains  a  layout  of  the  forming  of  production  cost  and  product 
wholesale-release  price,  while  Table  2.3  contains  an  approximate  distribu¬ 
tion  of  expenditures  in  different  branches. 


90 


1  OntOBO-  ornycKHa  a 

uena  npeAnpHHTHH 

2 

njiaHOBaa  ceSecTOHMOCTb 

3  SaaoACKaH  ceCecroHMocTb 

8  Bne- 

y 

^  llexoBaa  cedecronMocTb 

/ 

06  me- 

npOH3- 

boa- 

6bIJIb 

npeA- 

npHH- 

THfl 

^  ripHMbie  aarpaTb! 

6  I^exoBbie 
KoceeHHbie 
aaTpatbi 

3a BOA - 
CKHe 

aarpa- 

Tbi 

Hbie 

3aTpa- 

Tbi 

SatpaTbi  Ha 

OCHOBHbie  Ma- 
TepHajibi,  nojiy- 
^afipHKarbi, 
KOMHJieKTyfO- 
myio  npo^vK- 

miio  19 

SaTpaibi  Ha 
ocHOBHyio  aa- 
pa6oTHyio  njia- 
Ty  OCHOBHbiX 
npOHSBOACTBeH- 
H.SIX  padOMHX 
11 

nponop- 

UHOHajIb- 

Hbie 

12 

ycJlOBHO-nOCTOflll- 

Hbie 

13 

Figure  2.2.  Forming  of  Production  Cost  and  Wholesale-Release  Price 

Key  to  figure:  1  —  enterprise  wholesale-release  price;  2  —  plan-specified 
production  cost;  3  —  plant  cost;  4  —  shop  cost;  5  —  direct  outlays;  6  — 
shop  indirect  expenditures;  7  —  general  plant  expenditures;  8  —  nonproduc 
tion  expenditures;  9  —  enterprise  profit;  10  —  outlays  on  basic  materials 
semimanufactures,  component  items;  11  —  outlays  on  basic  wages  of  basic 
production  workers;  12  —  proportional;  13  —  standard-constant 


Table  2.3.  Approximate  Distribution  of  Outlays  in  Various  Branches  of 
Industry,  % 
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Key  to  Table  2.3  on  preceding  page:  1  —  branch;  2  —  outlays;  3  —  materials, 
semimanufactures,  component  items;  4  —  wages  of  basic  production  workers; 

5  —  indirect;  6  —  heavy  machinery;  7  —  machine  tools;  8  —  agricultural 
equipment;  9  —  automotive;  10  —  coal  mining  equipment;  11  —  tool  industry; 
12  —  food-processing  equipment;  13  —  textile  machinery;  14  —  hydraulic 
engineering;  15  —  heavy  construction  equipment;  16  —  electrical  equipment 
and  instrument  engineering 


Preparing  estimates.  The  first  stage  in  plan  costing  is  the  preparation 
of  estimates  —  of  shop,  general  plant  and  nonproduction  outlays,  and  ex¬ 
penditures  on  putting  new  products  into  production. 

The  shop  expenditures  estimate  includes  expenditures  on  equipment  operation 
and  maintenance  (Table  2.4),  as  well  as  expenditures  on  shop  personnel, 
buildings,  other  structures,  and  miscellaneous  equipment  maintenance,  minor 
repairs  on  buildings  and  other  structures,  depreciation  on  buildings,  other 
structures  and  miscellaneous  equipment,  expenditures  on  research,  develop¬ 
ment  and  testing,  on  efficiency  innovation  and  invention  activities,  on 
industrial  safety,  on  amortization  of  wear  and  tear  on  low-cost  and  rapid- 
wear  miscellaneous  equipment,  etc. 

Table  2.4.  Estimate  of  Expenditures  on  Operation  and  Maintenance  of 
Machine  Shop  Equipment 


1  CxjiTbH  sarpax 

o  CyMMa  B 
^  Tbic.  py6. 

3  a.  CoAepKanne  oCopyaoBamm  h  flpyrax  paCo'iHx  wecT 

4  MaTepHajifai  TexHo.norHqecKHX  h  npoH3Boj.cTBeHH&ix 

ueneii . 

127,4 

5  Toiuhbo  h  BHcprHH  Bcex  bhaob  iia  npoiisBoacTBeHHbie 
uejiH . . . 

160,0 

6  SapafioTHaa  njiaxa  paSoMHX,  o6cjiy}KHBaiomHX  npoHs- 
BOflCTBemioe  o6opyflOBaniie  u  pa6oHHe  wecra . 

331,1 

7  6.  TeKyiUHH  peMOHT  nponsBOACTBenHoro  o6opy^OBaHHH, 
TpancnopTHbix  cpe^CTB  n  uenHbix  HHCTpyMeHXOB: 

8  TeKymHii  . . 

618,5 

90,7 

g  jlpynie  pacxoflbi  h  ycnyra . 

62 ,0 

152,7 

j_Q  b.  SKcnjiyaxauHa  TpaHcnopra  .  . . 

21,7 

r.  AMopTHaauHH  npoHSBO^CTBeHHoro  o6opyaoBaHHH  H 
TpancnopTHbix  :cpeACTB . 

327,7 

1.2  A-  BosMemeHHe  H3Hoca  MajioueHUbix  h  6bicTpoH3HauiH- 

225,2 

13  Htoto  . 

1345,8 

- - _ - - 

- - 

Key  to  table:  1  —  expenditure  items;  2  —  sum,  thousand  rubles;  3  —  main¬ 
tenance  of  equipment  and  other  work  stations;  4  —  materials  for  process  and 
production  requirements;  5  —  fuel  and  energy  of  all  types  for  production 
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CKey  to  Table  2.4,  cont'd)  needs;  6  ■■ —  wages  of  workers  operating  production 
equipment  and  work  stations;  7  minor  repairs  on  production  equipment, 
transfer  and  transport  equipment,  and  expensive  tools;  8  —  minor  repairs; 

9  — other  expenditures  and  services;  10  —  transport  operation;  11  —  deprecia¬ 
tion  of  production  equipment  and  means  of  transportation,  transfer  devices; 

12  —  amortization  of  wear  on  miscellaneous  and  rapid-wear  tools;  13  —  total 


For  comparison  of  estimates  one  utilizes  figures  on  shop  production  schedule, 
including  new  items  to  be  produced  in  the  plan-covered  year,  standard  con¬ 
sumption  figures  on  auxiliary  materials,  fuel,  power,  standard  depreciation 
allowance,  payroll  on  auxiliary  workers,  engineers,  technicians,  white-collar 
workers,  etc.  For  example,  expenditures  on  maintenance  of  production  equip¬ 
ment  and  work  stations  are  figured  on  the  basis  of  standards  established  for 
one  machine-hour  of  equipment  operation  or  per  unit  of  repair  complexity 
(for  example,  cost  of  lubricants),  per  machinery  set,  ton  of  forgings,  ton 
of  parts,  etc  (for  example,  expenditures  on  process  fuel  and  power  for, 
production  purposes) .  Outlays  on  equipment  repair  are  determined  in  con¬ 
formity  with  maintenance  personnel  payroll,  cost  of  materials  for  repairs  on 
the  basis  of  standard  figures  per  unit  of  repair  complexity,  as  well  as  on 
the  basis  of  other  figures. 

To  calculate  depreciation  allowances  it  is  necessary  to  utilize  standard 
figures  established  for  individual  types  of  fixed  assets. 

The  general  plant  expenditures  estimate  includes  the  following  items:  ad¬ 
ministrative-management  expenditures  (wages  and  social  insurance  contribu¬ 
tions,  expenditures  for  business  trips  and  transfers,  bonuses  to  administra¬ 
tive-management  personnel  and  other  administrative-management  costs);  general 
operational  costs  (payroll  of  design  and  process  engineer  services  personnel, 
maintenance  and  minor  repairs  on  buildings,  structures  and  general  plant 
miscellaneous  items,  depreciation  of  general  plant  fixed  assets,  operation 
and  maintenance  of  plant  laboratories,  expenditures  on  research,  invention 
and  efficiency  innovation  activities,  manpower  recruitment  and  personnel 
training,  industrial  safety,  practical  production  experience  programs, 
plant  security,  contributions  to  the  bonus  fund  and  other  general  operation 
expenditures);  taxes,  fixed  charges  and  other  mandatory  contributions  and 
expenditures. 

Standard  depreciation  allowances,  personnel  lists,  estimates  on  research 
activities,  statistical  and  other  data  constitute  the  basis  for  preparing 
estimates  of  general  plant  outlays 

The  nonproduction  outlays  estimate  covers  cost  of  crating  and  packaging, 
product  transport,  contributions  for  personnel  bonuses  for  development  and 
adoption  of  new  equipment,  for  research  activities,  contributions  to  the  new 
equipment  adoption  fund,  etc. 
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New  equipment  acquisition  and  startup  fund  contributions,  adopted  1  January 
1961,  comprise  the  following  percentages  of  plant  production  cost  for  various 
branches:  heavy  machine  building  —  3.5;  machine  tools  and  tools  —  3.5; 
general  machine  building  —  3.0;  instrument  engineering  —  3.0;  electrical 
equipment  —  3.0;  radio  electronic  —  2.0;  automotive  and  bearing  —  1.0. 

Including  contributions  to  the  new  equipment  acquisition  and  startup  fund, 
nonproduction  outlays  of  machine  building  and  enterprises  average  from  3  to 
7%  of  plant  costs. 

The  estimate  of  expenditures  on  putting  new  items  into  production  includes 
outlays  on  technical,  support  data  and  material  preparations  for  production, 
as  well  as  other  outlays  connected  with  putting  new  types  of  items  into 
production.  These  expenditures  are  reflected  as  outlays  of  future  periods 
and  apply  to  the  production  cost  of  items  from  the  moment  they  are  put  into 
series  or  mass  production.  As  a  rule  outlays  are  recovered  over  a  period  of 
2  years.  This  costing  item  does  not  include  outlays  on  setting  up  produc¬ 
tion  on  a  number  of  types  of  civilian  machine  building  and  metalworking 
products.  As  Indicated  above,  they  are  recovered  with  new  equipment  acquisi¬ 
tion  funds. 

After  the  above- indicated  estimates  have  been  prepared,  one  can  proceed 
with  costing  cost  of  operation,  workpiece,  part,  assembly,  machine  set^  or 
machinery  item  as  a  whole. 

Costing  direct  expenditures.  Outlays  on  basic  materials,  purchased  items  and 
semimanufactures  are  determined  with  the  following  formula; 

^  =  —  rub/unit,  (2.5) 

where  —  coefficient  which  takes  into  account  transport-initial  processing 
costs  (averaging  1.05-1.1);  m^  ~  standard  consumption  of  basic  material  of  a 
given  type  per  unit  of  product,  taking  into  account  minimum  requisite  al¬ 
lowances  for  processing  and  losses,  in  kg,  t,  m;  Cm  —  wholesale-release 
price  of  a  unit  of  basic  material  in  rub/kg,  rub/t,  rub/m  (contained  in 
Appendix  2  as  an  Illustration  are  maximum  wholesale-release  prices  for  certain 
types  of  steel,  and  in  Appendix  3  —  wholesale  prices  on  castings,  etc);  n  — 
number  of  items  in  list  of  basic  materials;  Cgm  —  wholesale-release  price  of 
purchased  item  or  semimanufacture  in  rub/unit  (Appendix  1  contains  a  list  of 
basic  price  lists) ;  p  —  number  of  items  in  list  of  purchased  products  and 
semimanufactures  required  for  making  up  the  product;  mom  —  standard  figure 
on  sold  waste  per  unit  of  product  in  kg,  t,  m;  Cpm  —  wholesale  price  per 
unit  of  waste  by  weight,  in  rub/kg,  rub/t,  rub/m  (Appendix  4);  r  —  number  of 
items  in  waste  by-product  list. 

Figure  2.3  indicates  the  relationship  between  the  specific  cost  of  various 
castings,  etc  and  their  weight. 
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Figure  2.3.  Relationship  Between  Specific  Cost  of  Castings,  etc  and  Their 
Weight  (after  L.  V.  Bartashev  [1]) 

Key  to  figure:  I  —  SCh  15-32  iron  castings;  II  —  carbon  steel  castings; 
III  —  alloy  steel  castings;  IV  —  carbon  steel  forgings;  V  —  alloy  steel 
forgings;  VI  —  carbon  steel  stampings;  VII  —  alloy  steel  stampings;  solid 
lines  —  simple  items  (castings  with  up  to  2  simple  cores,  smooth  forgings 
and  stampings  without  broached  holes);  dashed  lines,  complex  castings,  etc 


Expenditures  on  basic  wages  of  production  workers  can  be  defined  as  the  sum 
of  estimates  1^  for  all  manufacturing  process  operations; 


rub /unit, 


where  Cm^  —  hourly  wage 
tun  —  standard  time  per 
per  hour;  m  —  number  of 


rate  for  a  given  job  category  in  rub/h  (Appendix  5) 
operation  in  min/unit;  n^r  —  output  norm  in  units 
operations  in  manufacturing  process. 
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Costing  outlays  for  equipment  operation  and  maintenance.  Outlays  on 
auxiliary  materials,  fuel  and  power  for  process  needs,  on  amortization  of 
wear  and  tear  on  tools  and  special  devices  as  well  as  other  outlays  on 
equipment  maintenance  and  operation  are  determined  for  the  individual  part, 
set  of  machinery  and  product  item  in  order  to  apply  them  in  a  substantiated 
manner  to  the  cost  of  individual  items,  at  estimated  rates  figured  on  the 
basis  of  machine— hour— factors.  In  other  words  the  basis  of  these  outlays  is 
their  magnitude  per  hour  of  equipment  operation  and  number  of  hours  required 
to  perform  a  given  operation. 

The  standard  quantity  of  outlays  per  machine-hour  of  work  h  for  each  shop 
equipment  group  possessing  close  operational  expenditure  figures  per  hour  of 
work  (or  for  each  individual  unit  of  equipment)  can  be  determined  by  dividing 
the  sum  of  annual  expenditures  on  the  basis  of  a  corresponding  estimate 
prepared  for  the  given  equipment  group,  by  the  number  of  machine-hours  of 
equipment  loading  per  year. 

The  standard  quantity  of  outlays  per  machine-hour  of  work  for  one  of  the 
equipment  groups  (usually  the  most  widespread,  leading  group)  or  for  any 
specific  unit  of  equipment  is  taken  as  the  base  h^^g*  factors  for  the 
remaining  equipment  groups  Kj^  are  calculated  in  respect  to  it.  Both 
standard  outlay  quantities  and  factors  should  be  periodically  revised  with 
a  change  in  power  rate,  cost  of  fuel,  change  in  planned  equipment  work¬ 
loading,  etc. 

Standard  quantity  of  outlays  per  machine-hour  of  a  standard  base  machine 
tool,  the  machine-factor  of  which  is  1,  can  be  determined  with  the  formula 
suggested  by  Professor  L.  V.  Bartashev  [1]: 

^603  =  -  mb/hour, 

^30  _ 

where  Pob  —  annual  sum  of  outlays  determined  on  the  basis  of  estimated 
rates,  in  rubles;  Fgf  —  effective  annual  equipment  operation  time  fund,  in 
hours;  m  —  number  of  equipment  groups  in  shop  inventory;  n  —  number  of 
units  of  equipment  of  a  single  type  in  group;  km^  —  machine- factor  of  the 
equipment  of  a  given  group;  k^^  —  average  work-fading  factor  for  the 
equipment  in  a  given  group. 

Let  us  assume  that  the  shop  inventory  consists  of  10  groups  of  machine  tools 
with  the  following  number  of  units  in  each:  20  lathes,  8  turret  lathes, 

3  boring  machines,  5  planers,  2  slotting  machines,  2  pull-broaching  machines, 
15  milling  machines,  10  drilling  machines,  6  grinding  machines  and  4  gear¬ 
cutting  machines.  Total  annual  shop  indirect  expenditures  connected  with 
equipment  operation  are  85,000  rubles,  effective  annual  equipment  operating 
time  fund  4,000  hours,  while  work- loading  factors  by  equipment  groups  and 
machine-factors  (in  parentheses)  are  the  following:  pull-broaching  machines 
0.4  (2.1),  boring  machines  0.85  C2.6),  turret  lathes  0.85  (1.2),  grinding 
machines  0.85  (1.2),  drilling  machines  0.6  CO. 6),  slotting  machines  0.75  (0.9), 
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others  0.8  (lathe  machine-factors  average  2.2,  planers  3.7,  milling 
machines  2.0,  gear-cutting  machines  1.3). 


Then 


=85000:4000(20-2,2.0,8  +  8.1,2.0,85  + 
+  3.2,6.0,85  +  5. 3,7. 0,8  +  2.0,9.0,75  +  2.2,1.0^4  + 
+  15.2,0.0,8  +  10.0,6.0,6  +  6.  l,2.0,85-|-4- 1,3-0,8-20,1 

kop /machine— hour «  _  _ _ _ 


By  multiplying  the  planned  cost  per  machine-hour  of  base  machine  tool  (or 
group)  by  the  corresponding  factors  for  equipment  engaged  in  making  a  given 
part  (machine  set  or  item)  and  by  standard  time,  we  establish  total  es¬ 
timated  rate  Vcm,  included  in  the  costing: 

m 

T£nh/un±t,  (2.8) 

1  *  ' 


where  —  cost  per  machine-hour  of  base  machine  tool  (or  equipment  group) 

operation  according  to  Indirect  outlays  distributed  with  the  aid  of  es¬ 
timated  rates,  in  ruh/hr;  kj^^  —  machine-factor  taking  into  account  dif¬ 
ference  in  the  cost  of  an  hour  of  operation  of  a  given  tool  (group)  in  rela¬ 
tion  to  the  base  tool;  tunj^  —  per-unit  time  norm  in  hours  per  unit;  m  — 
number  of  operations  in  the  manufacturing  process. 

Appendix  6  contains  average  machine-factor  values  by  equipment  groups  [1;  5] . 


Determination  of  shop,  general  plant,  nonproduction  outlays  and  outlays  on 
putting  new  equipment  on  line.  Shop  expenditures^  and  general  plant  outlays 
with  a  varying  level  of  mechanization  and  automation  of  manufacturing 
processes  on  individual  items  should  be  distributed  among  different  types  of 
products  proportional  to  total  basic  wages  of  production  workers  and  direct 
outlays  distributed  by  estimated  rates  [8]. 

For  example,  the  annual  shop  outlays  estimate  is  930,000  rubles,  the  siim 
total  of  annual  indirect  expenditures  distributed  with  the  aid  of  estimated 
rates  is  2,120,000  rubles,  and  shop  basic  production  worker  payroll  is 
700,000  rubles.  Shop  expenditures  ki  will  equal 


ki-. 


930  000 


2  120  000  4-  700  000 


100%  =  33% 


In  like  manner  we  determine  the  percentage  of  general  plant  expenditures  k2. 
For  example,  the  sum  of  general  plant  expenditures  according  to  the  es¬ 
timate  equals  5,200,000  rubles,  total  payroll  for  plant  basic  production 
workers  is  5,500,000  rubles,  and  shop  indirect  expenditures  for  all  the 
plant's  principal  production  shops,  determined  on  the  basis  of  estimated 
rates,  is  7,500,000  rubles. 
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In  this  case  the  percentage  share  of  general  plant  expenditures  will  be: 


k. 


5200000 

5500  000+7  500000 


•100%  = 


Knowing  and  k2,  shop  production  cost  can  be  determined  with  the  following 
formula: 


5^..  -  M  +  (L  +  L  rub/un±i  (2.9j 


where  a  —  supplementary  wages  of  basic  workers  and  social  insurance  con¬ 
tributions  as  a  percentage  of  basic  wages  (a=12-15%) . 

Plant  production  cost  Sp]^  is  determined  with  the  formula 

S,,,  =  M  +  (L  +  V,J  (l  +  rub/unit. 


Full  production  cost  S  with  formula 

S  =  [M+(i+V,.)(l  +  +^)  +  i-+]x 

X  (l  + -+)  rub/unlt,  (2-11) 


where  k3  —  percentage  of  nonproduction  outlays  from  plant  production  cost. 

The  entire  sum  of  shop  and  general  plant  indirect  outlays  can  be  distributed 
proportional  to  basic  wages  of  production  workers  by  formula  (1.11)  only  at 
mass  and  large-series  production  plants  producing  homogeneous  products,  with 
an  identical  degree  of  mechanization  of  production  of  various  items,  as 
well  as  at  small  metalworking  enterprises,  in  tool  and  repair  shops.  This 
is  dictated  by  the  fact  that  this  method  gives  a  distorted  picture  of  the 
actual  cost  of  manufacture  of  each  separate  product. 

For  example,  if  a  part  was  machined  on  a  lathe  with  an  output  ni,^r“20  units 
(time  norm  0.05  hr/unit),  with  a  wage  rate  0^=0. 6  rub/hr,  M=0.1  rub/unit, 
k]^=320%  of  basic  wages  (this  percentage  also  Includes  outlays  connected  with 
equipment  operation) ,  a=15%,  then 

^nex  =  0,1-1  Too”)  ~  r'ub/unit. 


if  a  part  is  machined  on  a  semiautomatic  machine  tool  with  n=200  units,  then 
under  those  same  conditions 
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0,1  +  0.113  ru)b./unit, 

that  Is,  will  be  cut  approximately  in  half. 

In  actuality  employment  of  different  tools,  miscellaneous  items  and  equipment 
will  produce  a  change  in  corresponding  machining  expenditure  items  (for  the 
most  part  items  connected  with  equipment  operation)  not  directly  proportional 
to  wage  expenditures. 

For  example,  depreciation  allowance  per  part,  with  a  standard  depreciation 
for  a  universal  lathe  at  14.9%  per  year,  and  13.4%  per  year  for  a  special 
semiautomatic  lathe,  a  lathe  plan-specified  price  of  1,000  rubles,  and 
1,500  rubles  for  a  semiautomatic  lathe,  effective  equipment  operation  fund 
at  4,000  hours  per  year,  in  the  first  case  will  comprise 


14,9- 1000-0, 05- 100 
100-4000 


=  0, 1 9  kop'/unit , 


and  in  the  second 


13,4-1500-100 
ICO -200 -4000 


0,025  kop/unit. 


that  is,  will  diminish  7.6-fold. 

If  we  directly  calculate  other  indirect  expenditure  items,  we  shall  become 
readily  convinced  that  changes  in  production  cost  when  shifting  from 
machining  a  part  on  a  lathe  to  a  semiautomatic  unit  will  be  of  a  totally 
different  character  than  in  the  above  example. 

The  error  becomes  particularly  substantial  in  distributing  incorrect  out¬ 
lays  proportional  to  production  worker  wages  under  conditions  of  highly- 
mechanized  and  automated  production,  in  which  quantity  k^  may  reach 
500-1,000%  and  more.  At  such  automated  enterprises  and  in  automated  shops 
which  produce  items  of  a  single  kind,  indirect  outlays  connected  with 
equipment  operation  should  be  directly  assigned  to  production  cost. 

Figuring  in  outlays  on  putting  new  items  into  production.  If  expenditures 
for  putting  new  items  into  production  are  financed  not  from  the  new  product 
fund,  we  must  add  to  the  above  formula  (2.11)  expenditures  on  putting  into 
production  new  items  (by  estimate)  in  rubles  Fqcj  applied  to  the  plan- 
specified  2-year  production  schedule  after  completion  of  the  period  of  production 
startup,  in  units  N2  year*  Then 

+  +  ruVufllt,  t2.12) 
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Wholesale-release  price.  Product  wholesale-release  price  C,  established  for 
an  enterprise,  is  calculated  proceeding  from  plan-specified  branch  average 
production  cost  (in  those  instances  xdiere  a  product  is  to  be  turned  out  at 
several  plants)  and  a  specified  percentage  of  profit: 

C  =  q)5,^,  . .  (2.13) 

where  <J)  —  a  factor  which  takes  into  account  plan-specified  profit  (for  a 
new  machine-building  product,  when  establishing  temporary  wholesale-release 
prices  the  average  coefficient  value  is  adopted  in  the  amount  of  1.10); 

—  average  branch  production  cost  in  rub/unit. 

As  an  illustration,  we  include  below  production  and  wholesale-release  price 
costing  by  expenditure  items,  in  rubles. 


Basic  materials,  minus  recoverable  waste  540.0 
Purchased  items  and  semimanufactures  1,060.0 
Basic  wages  128.0 
Supplementary  wages  and  social  insurance  contributions  19.0 
Equipment  operation  and  maintenance  410.0 
Shop  expenditures  (33%  of  basic  wages  and  expenditures  on 

equipment  operation  and  maintenance)  177.5 
General  plant  expenditures  (40%  of  total  basic  wages  and 

expenditures  on  equipment  operation  and  maintenance)  215.5 
Plant  production  cost  2,550.0 
Nonproduction  outlays,  including  contributions  to  the 

new  product  startup  fund  (3%  of  plant  production  cost)  76.5 
Full  production  cost  2,626.0 
Enterprise  wholesale-release  price  (profit  10%)  2,889.0 


3.  Direct  Count  of  Expenditures  Connected  with  Equipment  Operation 

With the  diEct  count  method,  in  addition  to  expenditures  on  basic  materials, 
semimanufactures,  component  items  and  expenditures  on  basic  production 
worker  wages,  one  determines  expenditures  on  operation  and  maintenance 
(resharpening  and  wear)  of  tools  and  dies,  expenditures  on  accessories 
utilization  (depreciation  and  repairs),  expenditures  on  process  energy, 
expenditures  on  equipment  minor  repairs,  and  equipment  depreciation  al¬ 
lowance. 

By  the  direct  count  method  shop  production  cost  is  calculated  with  the  fol¬ 
lowing  formula: 

S„,  =  /M  +  (i  +  ;  +  i>  +  E  +  /?  +  ^)(l+^)  + 

+  ^  rub'/ unit,  (2-14) 


where  I  —  expenditures  on  operation  and  maintenance  of  tools  and  dies,  in 
rub/unit;  P  —  expenditures  on  operation  and  maintenance  of  accessories,  in 
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rub/unit;  E  —  expenditures  on  process  energy,  in  rub/unit;  R  —  expendi¬ 
tures  on  minor  repairs,  in  rub/unit;  A  —  equipment  depreciation  allowances, 
in  rub/unit;  —  percentage  share  of  remaining  shop  indirect  expenditures 
(k4^ki). 

Shop  expenditures  k4  are  distributed  proportional  to  the  sum  of  basic  wages  and 
expenditures  connected  with  equipment  operation  (I+P+E+R+A) . 

The  greater  the  number  of  shop  expenditure  items  are  determined  by  the 
direct  count  method,  naturally  there  is  secured  a  greater  accuracy  of  cal¬ 
culations  of  the  production  cost  of  a  given  specific  item.  Distribution  of 
expenditures  proportional  to  one  or  several  items  will  always  cause  dis¬ 
tortion  of  calculations,  as  noted  above.  Therefore  there  is  quite  under¬ 
standably  an  endeavor  to  include  an  even  greater  number  of  items  in  direct 
expenditures  [5]  and,  in  particular,  outlays  on  auxiliary  materials  (abrasives, 
lubricants,  etc),  that  portion  of  expenditures  applying  to  a  given  work 
station,  on  depreciation  on  production  space,  on  shop  lighting,  etc. 

However,  nevertheless  one  should  hear  in  mind  that  as  a  rule  the  expenditures 
contained  in  formula  (2.14)  are  of  dominant  significance  among  outlays  which 
can  be  determined  by  the  direct  count  method  (this  applies  particularly  to 
automated  conditions  of  production) . 

Let  us  examine  the  direct  count  methods  for  several  expenditure  items  in¬ 
cluded  in  product  costing. 

A  consolidated  calculation  of  expenditures  on  use  and  maintenance  of  cutting 
tools  can  be  performed  on  the  basis  of  the  average  statistical  figures  in 
Appendix  7,  which  specifies  the  average  cost  per  hour  of  cutting  tool  opera¬ 
tion  at  plants  of  the  automotive-tractor  industry,  calculated  on  the  basis 
of  the  Scientific  Research  Institute  of  Automotive,  Tractor,  and  Agricultural 
Machine  Building  Technology  according  to  the  following  formula; 

4  =  rnb/unit,  (2.15) 


where  Ip  —  per-operation  expenditures  on  cutting  tools,  in  rubles  per  unit; 
Ihr  —  of  1  hour  of  cutting  tool  operation,  in  rubles  per  hour;  tjjjgj.j^  — 

tool  working  time  in  the  course  of  an  operation,  in  minutes. 

Expenditures  on  cutting  tools  on  a  per-operation  basis  are  determined  more 
precisely  with  the  formula 

=  ruh/iinit,  (2.16) 

^cm  \^n  I  ■‘z 


where  Cn  —  original  tool  cost  (plan-specified  price)  in  rubles  per  unit; 
nn  “  number  of  resharpenings  to  a  fully  worn-out  state;  —  cost  of  one 
resharpening,  in  rubles  per  unit;  —  period  of  durability  between  two 
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resharpenings,  in  hours;  tjQach  —  duration  of  tool  work  in  the  course  of  an 
operation,  in  hours  (according  to  the  figures  of  the  All-Union  Scientific 
Research  Institute  of  Standardization  in  Machinery  Manufacture  [3];  tmaph 
under  conditions  of  series  production  averages  50%,  in  large-series  produc¬ 
tion  60%,  and  in  mass  production  70%  of  t^^) • 


In  like  manner  per-operation  expenditures  on  utilization  of  dies  1^  can  be 
determined  on  the  basis  of  one  of  the  following  formulas: 


S/u  "h  Sp_  III 

■■cm.Ann  +  \)  rtib/unit 


(2.17) 


or 

+  “  ruh/unit,  (2.18) 

TiaN^od 


where  Sp  ^  —  cost  of  die  repair  and  regrinding  to  a  completely  worn-out 
state  over  the  course  of  a  period  over  the  course  of  which  the  cost  of 
making  and  repairing  the  die  is  written  off;  Ny^^r  —  year's  production 
schedule  in  units. 

Total  outlays  on  tools  I  per  unit  of  product  are  determined  with  formula 

m  m 

'^=^4  +  24,.  (2.19) 

—  1  1  _ 


where  m  —  number  of  operations  in  the  manufacturing  process. 

Expenditures  on  operation  and  maintenance  of  special  devices  per  unit  of 
product  P'  are  determined  with  the  formula 

P'  =  0,6  rub/unit,  (2.20) 


where  —  cost  of  device  in  rubles  per  unit. 

The  factor  0.6  in  the  formula  takes  into  account  both  the  magnitude  of  annual 
depreciation  allowance,  which  with  a  2-year  writeoff  period  can  be  pegged  at 
50%,  and  annual  outlays  on  repair  of  devices,  comprising  8-10%  of  their  cost. 

The  nomogram  contained  in  Figure  2.4  can  be  used  for  consolidated  calcula¬ 
tions  of  the  cost  of  producing  these  devices  [1]. 
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S„p!jd'/mm 


Figure  2.4.  Relationship  Between  Cost  of  Manufacturing  Devices  and  the  Number 
of  Parts  and  Complexity  Group  (designated  by  numbers) 

Key  to  figure:  I  —  simple  lathe  centers,  holders,  jigs,  vee-blocks;  II  — 
vee— blocks  with  clamping  parts,  welded  and  riveted  jigs  for  simple  parts, 
simple  chucks,  mandrels,  devices  for  milling  strips  and  wedges;  III  —  jigs 
for  complex  parts,  simple-construction  swivel  tables,  devices  for  2-3 
axes,  simple  indexing  attachments;  IV  —  boring  machine  attachments  for  body 
parts,  multiple-spindle  heads,  complex  devices  and  jigs;  V  —  special 
multiple-axis  boring  fixtures,  special  fixtures  for  milling  in  several 
planes,  complex  indexing  attachments  and  swivel  tables 


Expenditures  on  operation  and  maintenance  of  universal  devices,  per  opera¬ 
tion  P",  can  be  determined  in  a  manner  similar  to  expenditures  on  die  opera¬ 
tion  and  maintenance  [formula  (2.17)]. 

Overall  expenditures  on  devices  P  per  unit  of  product  are  determined  with 
formula 


(2.21) 

_ .3 _ _ _ 

Expenditures  on  process  electricity  Ei  are  calculated  with  the  following 
formula: 

m 

=  (2.22) 


where  —  cost  per  kilowatt  hour  of  electricity,  in  rubles  (averaging 
0.01-0.015);  kgg  —  electric  motor  load  factor  (demand  factor  —  see 
Appendix  8);  Ny  —  electric  motor  or  current  collector  installed  power /capacity, 
in  kilowatts. 

Expenditures  on  process  electricity  can  be  calculated  approximately  with 
the  following  formula:  m 

^  rub/unit,  (2.23) 
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where  —  hourly  expenditures  on  process  electricity  in  rubles  (see 
Appendix  9)  [5] . 

We  can  calculate  expenditures  on  other  types  of  energy  (gas,  compressed 
air,  etc)  in  like  manner.  The  sum  of  all  expenditures  (including  cost  of 
process  electricity)  comprises  item  E  in  formula  (2.14). 


Expenditures  on  maintenance  repairs  (other  than  major  overhauls)  and  ser¬ 
vicing  between  repairs  per  unit  of  product  can  be  determined  most  precisely 
on  the  basis  of  the  standard  figures  of  the  Uniform  Scheduled-? revent ive 
Maintenance  System: 


R 


HRr 


■  B(p 


(2.24) 


where  H  —  average  magnitude  of  expenditures  per  unit  of  repair  complexity, 
per  year,  in  rubles;  R£,q  —  machine  tool  repair  complexity  category;  Fgf  — 
annual  effective  equipment  operating  time  fund,  taking  into  account  utiliza¬ 
tion  time  factor,  in  hours;  t„n  —  per-unit  time  norm,  in  hours;  m  —  number 
of  operations  in  manufacturing  process. 

The  approximate  value  of  expenditures  on  maintenance  repairs  per  hour  of 
operation  can  be  determined  with  the  formula  suggested  by  the  All-Union 
Scientific  Research  Institute  of  Standardization  in  Machinery  Manufacture 
[3]: 

R^  =  0,5  +  -^|-j  ruh/unit,  (2-25) 


where  Rm  —  equipment  mechanical  repair  complexity  category;  Rg  —  equipment 
electrical  repair  complexity  category;  0.5  —  factor  taking  into  account 
equipment  down  time  (15-25%),  conversion  of  kopecks  to  rubles  and  minutes  to 
hours . 


L.  I.  Gamrat-Kurek  et  al  [5]  have  proposed  a  method  of  calculating  expendi¬ 
tures  per  hour  of  operation  on  this  item,  which  makes  it  possible  also  to 
take  into  account  expenditures  on  auxiliary  materials  expended  on  equipment 
maintenance  (coolants,  etc): 

Rh,  —  (^iRm  ^2  Ra  rub /hour ,  (2.26)  _ 

where  Rj^^.  —  expenditures  on  repairs,  servicing  between  repairs  and  auxiliary 
materials,  in  rubles  per  hour;  aj^,  a2  —  constants. 

Appendix  10  contains  formulas  for  calculating  outlays  per  hour  of  operation 
Rhr  • 
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Taking  into  account  expenditures  R  will  be: 

m  m 

1  1 


where  t^^^  —  time  norm  in  minutes  per  unit;  n^^^  —  hourly  output  norm  in 
units  per  hour. 

L.  V.  Bartashev  and  L.  I.  Gamrat-Kurek  [2],  on  the  basis  of  an  analysis  of 
the  Uniform  Scheduled-Pr event ive  Maintenance  System,  suggest  for  the  pur¬ 
pose  of  comparative  consolidated  calculations  (for  example,  in  analyzing 
process  variants)  determining  R  in  relation  to  magnitude  of  depreciation 
allowance  A: 

for  metal-cutting  machine  tools,  forge  pressing  and  molding  sand  prepara¬ 
tion  equipment 

R=0.33A  ruh/unit;  (2.28) 

for  principal  foundry  equipment  and  welding  equipment 

R=0.2A  rub/unit;  (2.29) 

for  materials  handling  and  transfer  equipment 

R= (0.15-0. 3) A  rub/unit.  (2.30) 

Factor  0.15  is  applied  for  machinery  where  expenditures  on  major  overhauls 
and  medium  repairs  comprise  25%  of  total  depreciation  allowance;  a  factor 
of  0.3  is  applied  to  machinery  for  which  these  expenditures  reach  60%. 

The  following  formula  is  employed  to  calculate  depreciation  allowance  to 
full  recovery  and  major  overhaul  of  special  equipment  per  unit  of  output  A’: 

^  -  mN,od  >  y  ' 


and  universal  equipment  A": 


A" 


[a'  (Co6„  —  Cgcm)  "h  ^  ^mm 


rub/unit,(2.32) 


where  a'  —  annual  standard  depreciation  allowance  to  full  recovery  of 
fixed  assets;  a"  —  annual  standard  depreciation  allowance  for  major  over¬ 
haul;  Cobj^  —  plan-specified  (balance-sheet)  equipment  price.  Including  ex¬ 
penditures  on  transport-initial  processing  operations  and  installation,  in 
rubles  per  unit;  Cp  —  outlays  on  major  overhaul  during  the  period  of  deprecia¬ 
tion,  in  rubles;  Cggjj  —  equipment  residual  values,  rubles;  Nyg^j.  —  equipment 


105 


annual  productivity,  in  units;  t^^  —  per-unit  time  norm,  in  hours;  Fgf  — 
annual  effective  equipment  operation  time  fund,  taking  into  account  utiliza¬ 
tion  factor,  in  hours. 

Annual  equipment  operation  fund  with  two-shift  operations,  can  be  assumed 
to  be  between  3,900  and  4,000  hours;  the  utilization  factor  is  adopted  on 
the  basis  of  shop  or  enterprise  figures,  and  in  the  absence  of  such  figures 
a  factor  of  0.7  is  adopted  for  series  production,  and  0.75  for  large-series 
production. 

Plan-specified  equipment  price  is  determined  with  the  formula 

^ o6t 

where  —  a  factor  which  takes  into  account  outlays  on  transport-initial 
processing  and  installation  operations  (average  value  kn=l.l);  Cob  —  equip¬ 
ment  wholesale-release  price,  in  rubles. 

Table  2.5  contains  an  equipment  annual  operation  time  fund  by  shifts. 

Table  2.5.  Annual  Equipment  Operation  Fund,  in  hours 


1 

npH  paPoie 

^  OfiopyaoBaHHC 

3  B  OAHy 
cweny 

4  B  ABe 
CMeiiU 

5  B  TpH 
CMeHU 

6MeTa.njiope}Kymne  craHKH 
c  KareropHefl  cjiojkhocth  R^a 
AO  30 . 

2000 

3950 

5870 

7MeTa;ijiope>KymHe  ctshkh 

cBbime  30 . 

oKyaHeHHo-npeccoBoe  o6opy- 
AOBaHHe  . 

3830 

5500 

3830 

5500 

9  JlHieiiHoe  oOopyAOBaHHe  .  . 

1980 

' 

3870 

5685 

Key  to  table:  1  —  equipment;  2  —  operation;  3  —  single-shift;  4  —  two 
shifts;  5  —  three  shifts;  6  —  metal-cutting  machine  tools  with  a  complexi¬ 
ty  category  Rqo  to  30;  7  —  metal-cutting  machine  tools  with  Rco  above  30; 

8  —  press  forging  equipment;  9  —  foundry  equipment 


Total  depreciation  allowance  is  equal  to 

(2.33) 

1  1  .  . . . 

where  m  —  number  of  operations  in  manufacturing  process. 
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Figure  2.5.  Relationship  Between  Part-Operation  Cost  and  Size  of  Production 
Batch  (Machining  Stepped  Shafts  Weighing  from  130  kg) 

Key  to  figure:  AB  —  machining  on  engine  lathe;  BB  —  machining  on  multiple- 
cutter  single-spindle  semiautomatic  lathe;  Bf  —  machining  on  multiple-cutter 
six-spindle  semiautomatic  lathe;  1  —  machining  on  an  engine  lathe;  2  — 
subgroup 

On  the  basis  of  element-by-element  calculation  of  principal  expenditure  items 
for  parts  of  a  given  class,  one  can  elaborate  convenient  graphs  which  will 
make  it  possible  quickly  to  determine  the  designed  cost  per  part-operation. 
Figure  2.5  contains  a  graph  elaborated  by  B.  G.  Shmelev,  for  calculating  the 
part-operation  cost  on  stepped  shafts  weighing  from  1  to  30  kg.  With  the 
graph  it  is  easy  to  determine  the  part-operation  cost  in  relation  to 
selected  equipment. 

4.  Employment  of  the  Direct  Expenditure  Count  Method  for  Costing  Manufacturing 
Process  Variants 

Modern  manufacturing  processes  make  it  possible  fairly  frequently  to  obtain 
parts,  assemblies  and  units  in  full  conformity  with  the  specified  manufac¬ 
turing  conditions  by  means  of  several  techniques.  Therefore  it  is  necessary 
Initially  to  determine  the  basically  possible  manufacturing  process  variants 
for  producing  finished  parts,  assembly  of  units  and  assemblies,  to  select 
the  economically  expedient  variant,  and  only  then  to  carry  out  its  detailed 
process  elaboration. 

In  those  cases  where  differing  workpieces,  equipment,  accessories,  etc  are 
employed  in  different  variants,  and  correspondingly  workers  of  differing 
level  of  skills,  in  order  to  select  the  most  economical  variant  it  is  neces¬ 
sary  to  calculate  the  cost  of  manufacture  in  each.  The  lowest  cost  of 


producing  a  part,  assembly  or  unit,  while  ensuring  specified  technical  con¬ 
ditions,  will  determine  the  most  economical  manufacturing  process  variant. 

With  such  comparative  calculations  there  is  no  need  to  perform  an  element- 
by-element  calculation  of  all  expenditure  items  entering  into  cost  of 
production.  Wages  of  engineers,  technicians  and  shop  office  personnel, 
depreciation  on  warehouse  facilities,  administrative  and  management  personnel 
wages  plus  many  other  shop,  general  plant  and  nonproduction  expenditure  items 
are  Independent  of  the  selected  type  of  equipment  or  other  manufacturing 
process  elements.  At  the  same  time,  with  such  comparative  calculations  it 
is  impossible  to  apply  conventional  costing  methods,  whereby  some  shop  out¬ 
lays  apply  to  production  cost  proportional  to  the  wages  of  basic  production 
workers  or  proportional  to  the  sum  of  wages  and  estimated  rates.  Such 
methods  can  lead  to  substantial  error  in  comparative  calculations  and  will 
not  make  it  possible  to  select  the  most  economical  variant. 

Necessary  in  this  connection  is  an  element -by-element  calculation  of  only 
those  outlays  which  change  appreciably  with  a  change  in  the  manufacturing 
process  variant.  Eliminated  from  the  calculation  are  identical  or  insig¬ 
nificantly-changing  elements  of  production  cost  in  the  compared  variants, 
as  well  as  elements  which  are  Independent  both  of  variant  and  other  factors 
(for  example,  administrative,  housekeeping  and  other  costs). 

The  sum  of  expenditures  which  change  in  relation  to  manufacturing  process 
variant  is  normally  called  process  cost  [tekhnologicheskaya  sebestoimost’] . 

Expenditures  on  one  item,  together  comprising  process  cost,  are  broken  down 
into  two  main  groups  (see  page  9  5):  into  expenditures  proportional  to  out¬ 
put  volume,  or  variable,  Vj-,  and  expenditures  not  proportional  to  output 
volume,  or  fixed-constant,  Cj^. 

Table  2.6  divides  those  expenditure  items  most  frequently  encountered  in 
process  cost  into  variable  and  fixed  constant.  In  conformity  with  the  ex¬ 
penditures  grouping  employed  in  Table  2.6,  the  process  cost  of  a  part, 
assembly  or  unit  Sm  is  equal  to 


m  ^ 

m 

~  rub /unit,  (2.34) 

where  m  —  number  of  operations  in  manufacturing  process;  —  production 
schedule,  units.  ^ 

Mlnimxim  Sjjj  in  the  analyzed  variants  characterizes  that  variant  which  is  most 
economical  for  the  given  production  schedule. 5 

Calculation  of  all  principal  process  cost  items  was  examined  in  sections  2 
and  3  of  this  chapter.  Other  items  of  process  cost  required  for  any  concrete 
analysis  can  be  calculated  in  like  manner. 
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Table  2.6.  Grouping  of  Product  Process  Cost  Expenditures 


1 

CtaTbH  aarpar 

"r 

2  UpHMbie  aampamu 

3  OcHOBHue  MaTepna.nbi  h  nojiyi})a6pHKaTbi . 

+ 

4  3apa6oTHafl  njiara  ochobhmx  npoH3BOACTBeHHbix  pa- 

fiOMHX: 

5  cAenbHast . . 

+ 

+ 

6  noBpeMeHHasi . 

7  3ampambt,  cestaamue  c  padomou  odopydooanm 

8  3apa6oTHaH  nnara  pa6o'inx,  aanfiTbix  odcjiyatHBaHneivi 
ofiopyAOBaHHft . 

+ 

9  MaTepHa.nbi  jxjia  coiiepKanHa  npoHaBOACTBemoro  o6o- 

jpyAOBaHHH . . 

ETonmiBO  fl/ia  TexHOJiormecKHX  uejieft  . 

+ 

+ 

H  SjieKTposHeprHH,  nap,  BOfla,  raa  fljia  TexHoaorHHecKHx 
uejiefi  . . .  .  ,  - 

AMopTSiaaiiHOHHbie  OTBHCjieHHa:  2,2 

no  ymiBepcajifaHOMy  o6opy;iOBaHHio  .13  ,  .  ,  .  . 

+ 

+ 

cnemiajibHOMy  ofiopy.ioBaHiiio  .  .  . 

3Kcn.ayaTaunfl  npncnocoS.ieHnii:  15 

16  ymiBepca.ibHbix . 

17  . . 

3Kcn.iiyaTamioHHbie  peMOHTu  o6opy>?oBaHna  h  Me)Kpe- 
MOHTHoe  o6cjiy>KiiBaHKe  .  18 . 

+ 

+ 

+ 

3KcnjiyaTauHa  iiHCTpyMeHTOB  19. . .  .  .  . 

+ 

06mei{exoebie  aampamu  20 
3Kcn.ayaTanHH  Tpancnopta  21  ..........  . 

+ 

+ 

AMopTHsanHa  sflaHHii  n  coopyweHHft  aexa  22.  .  .  . 

_ _ 

— : _ _ "■ 

Key  to  table:  1  —  expenditure  items;  2  —  direct  outlays;  3  —  basic 
materials  and  semimanufactures;  4  —  wages  of  basic  production  workers;  5  — 
piece-rate;  6  —  hourly;  7  —  expenditures  connected  with  equipment  opera¬ 
tion;  8  —  wages  of  workers  employed  in  equipment  servicing  and  maintenance; 
9  —  materials  for  maintenance  and  operation  of  production  equipment;  10  — 
fuel  for  process  purposes;  11  —  electricity,  steam,  water,  gas  for  process 
purposes;  12  —  depreciation  allowance;  13  —  on  universal  equipment;  14  — 
special  equipment;  15  —  operation  and  maintenance  of  devices;  16  — 
universal;  17  —  special;  18  —  equipment  maintenance  repairs  and  servicing 
between  repairs;  19  —  tool  maintenance;  20  —  general  plant  expenditures; 

21  —  transport  operation  and  maintenance;  22  —  depreciation  on  buildings 
and  shop  structures 


In  particular,  for  example,  the  quantity  of  depreciation  allowance  based  on 
cost  of  production  facilities  A^r  can  be  determined  with  the  formula 


A„ 


^nA  ^n.n 


100  F 


9^ 


“"n  .  rub/uhit. 


(2.35) 
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where  ag^-j.  —  percentage  of  annual  depreciation  allowance  based  on  cost  of 
production  facilities;  c^j.  —  cost  of  production  space  in  rub/m^;  w^j-  — 
size  of  area  occupied  by  equipment  (including  aisles  and  corridors),  m2; 

Fgf  —  annual  effective  equipment  operating  time  fund,  taking  utilization 
factor  into  account,  hours;  t^^^  —  per-unit  time  norm,  hours. 

The  methods  of  calculating  production  cost  examined  in  this  chapter  make  it 
possible  to  establish  the  plan-specified  cost  of  producing  a  designed 
machinery  item.  The  most  accurate  method  is  the  method  of  direct  calcula¬ 
tion  of  all  principal  expenditures,  particularly  expenditures  on  basic 
materials,  production  worker  wages,  and  expenditures  connected  with  equip¬ 
ment  operation.  Utilization  of  this  method  makes  it  possible  to  perform  an 
economic  analysis  of  different  variants  of  manufacturing  processes  which 
can  be  employed  for  the  manufacture  of  a  designed  machinery  item. 

FOOTNOTES 

1.  In  order  to  simplify  costing,  expenditures  on  fuel  and  power  for  process 
needs,  on  amortization  of  wear  on  tools  and  special  devices  are  included 
in  outlays  on  equipment  operation  and  maintenance. 

2.  Machine  set  is  defined  as  the  aggregate  of  workpieces  or  parts  manufactured 
or  machined  in  a  given  shop  and  designated  for  making  up  one  unit  of 
machinery. 

3.  All  expenditures  other  than  those  on  equipment  operation  and  maintenance 
distributed  by  estimated  rates. 

4.  The  comparatively  small  percentage  of  shop  expenditures  obtained  in  this  ex¬ 
ample  is  due  to  the  fact  that  a  substantial  portion  of  indirect  shop  ex¬ 
penditures  has  already  been  figured  in  production  cost  with  the  aid  of 
estimated  rates.  Therefore  in  some  cases  the  percentage  share  of  shop 
expenditures  not  distributed  with  the  aid  of  estimated  rates  may  prove 
smaller  than  the  share  of  general  plant  expenditures,  which  is  practically 
impossible  with  distribution  of  all  indirect  expenditures  proportional 

to  basic  wages  of  production  workers. 

5.  For  more  detail  on  selection  of  the  most  effective  manufacturing  process, 
see  [1],  as  well  as  Tilles,  S.  A.;  "Ekonomika  tekhnologicheskikh  protsessov 
mekhanicheskoy  obrabotki"  [Economics  of  Machining  Processes],  Moscow, 
Mashgiz,  1964;  Charnko,  D.  V.;  "Osnovy  vybora  Tekhnologicheskogo  protsessa 
mekhanicheskoy  obrabotki"  [Fundamentals  of  Selection  of  Machining 
Process],  Moscow,  Mashgiz,  1963. 
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CHAPTER  3. 

ECONOMICALLY  ALLOWABLE  (MAXIMUM)  PRODUCTION  COST  AND  MACHINERY  PRICE 


1.  Quality  of  Machinery  and  Wholesale  Prices 

In  many  cases  the  cost  of  producing  a  machinery  item,  obtained  by  calculation 
at  the  preproduction  design  or  engineering  stage,  may  prove  higher  than  the 
cost  of  producing  the  machine  it  is  to  replace.  Such  cases  are  also 
characteristic  for  comparative  analysis  of  different  variants  of  a  new  de¬ 
sign.  The  greater  production  cost  of  one  variant  or  greater  production  cost 
(and  correspondingly  greater  wholesale  price  as  well)  of  a  newly-designed 
machinery  item  in  comparison  with  the  old  model  by  no  means  signifies  that 
the  given  variant  should  not  be  put  into  production.  Substantial  qualitative 
advantages  may  be  achieved  in  the  new  design:  higher  productivity,  greater 
durability,  reliability,  lower  operating  and  maintenance  cost,  etc,  which  in 
the  final  analysis  will  provide  substantial  savings  in  the  area  of  operation 
and  not  only  will  fully  cover  but  will  more  than  cover  the  increased  cost  of 
production  and  greater  wholesale-release  price  of  the  new— design  machinery. 

Table  3.1  contains  as  an  illustration  indices  on  items  produced  by  plants  A 
and  B  (the  items  differ  in  service  life). 

It  is  apparent  from  Table  3.1  that  the  product  turned  out  by  plant  B  is  more 
advantageous  to  the  economy  but  requires  greater  production  outlays.  If  we 
establish  an  equal  level  of  wholesale-release  prices  for  the  products  of 
these  plants,  plant  B  will  prove  to  be  under  significantly  worse  conditions, 
since  its  profit  and  level  of  profitability,  with  an  approximately  identical 
composition  of  productive  assets,  will  be  substantially  lower.  The  possible 
result  is  that  plant  B  will  consider  it  disadvantageous  to  turn  out  a  more 
durable  product,  although  this  would  bring  substantial  savings  to  the  economy. 

In  connection  with  this  there  arises  the  problem  of  determining  the  allowable 
(maximum)  level  of  production  cost  and  wholesale-release  price  on  a  new, 
better-quality  product,  whereby  a  plant  would  be  provided  incentive  to  put 
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Table  3.1.  Economic  Indices  of  Manufacture  of  Similar  Items  by  Two  Plants 


Ks 

no  nop. 

Hasejme  saBo^a 

noKasarojiH 

A 

E 

1 

rijian  B  Tuc.  uiT . 

2  000 

2  000 

2 

14BunojiHeHHe  njiana; 

B  TbIC.  UIT.  . . 

2  100 

2  000 

3 

B  % . 

105 

100 

4 

npoH3Bo;iHTejii.HocTb  xpy^a  b  %  .  .  .  . 

103 

100 

5 

HaKon.aeHun  b  mjih.  py6 . 

5,0 

2,5 

6 

/lojiroDeqHocTb  b  CAHHHuax  paOoTbi  .  . 

35  000 

40  000 

7 

CyMMapHaa  flo.aroBeBHOCTb  seen  npoayK- 
ilHH  B  Mp;;.  eAHHHU  paOoTbi . 

73,5 

80 

8 

HaObiToimaH  ^i,ojiroBeqHocTb  BMjnpA.eAH- 
HHU  paOoTbi . 

__ 

6,5 

9 

HaxypajibHbiH  aKBUBaacHT  H36biToqiioft 
AOJiroBeBHOCTH  B  TbIC.  UIT.  (n.Stu.G)  .  . 

162 

10 

CyMMa  peajiHsauHH  npOAyKUHH  b  m.iih. 

ry6 . 

105 

100 

11 

SaxpaTbi  ua  npoAyKU.Hio  na  eAHimuy  pa- 
fioTbi  B  py6.  (n.l0:n.7) . 

0,00141 

0,00125 

12 

Skohomhh  Ha  eflHHHuy  paOoTbi  b  py6.  .  . 

0,00015 

13 

Skohomhh  no  Bceft  iipoAyKmiii  aaBOAa  B 
^b  mjih.  py6.  (n.l2xn.7)  . . 

— 

12,8 

Key  to  table:  1  —  plan  target,  thousand  units;  2  —  thousand  units;  3  — 
as  a  percentage;  4  —  labor  productivity,  percentage;  5  —  accumulation, 
million  rubles;  6  —  service  life  in  operation  units;  7  —  total  service 
life  of  entire  output,  in  billion  operation  units;  8  —  surplus  service  life, 
in  billion  operation  units;  9  —  physical  equivalent  of  surplus  service 
life,  in  thousand  units;  10  —  sum  realized  on  sale  of  output,  million 
rubles;  11  —  outlays  on  production  per  unit  of  work,  in  rubles;  12  —  savings 
per  unit  of  operation,  in  rubles;  13  —  savings  on  all  output  of  plant  B, 
million  rubles;  14  —  plan  target  fulfillment;  15  —  indices;  16  —  item 
produced  by  plant 


this  item  into  production,  where  there  would  be  adequate  savings  to  the  eco¬ 
nomy  and  Incentive  for  customers  to  purchase  it.  In  the  final  analysis  prices 
should  be  established  taking  into  account  the  entire  complex  of  technical- 
economic  parameters  of  the  given  machine,  with  incentive  both  for  design  orga¬ 
nizations  and  plants  to  produce  advanced  equipment  for  the  nation's  economy, 

2.  Calculation  of  Allowable  O^aximum)  Production  Cost  and  Price 

As  we  know,  the  principal  criterion  in  technical-economic  analysis  of  new 
equipment  is  the  criterion  of  calculated  specific  outlays.^ 

In  the  general  case  this  criterion  can  be  expressed  as 

SsK+E^Cy,  (3.1) 
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where  —  specific  operating  expenditures  in  rubles  per  unit  of  productivi¬ 
ty  (see  Figure  1);  Cy  —  specific  capital  investment  in  rubles  per  year  per 
unit  of  productivity;  Eg  —  branch  standard  coefficient  of  comparative 
economic  effectiveness  —  a  quantity  inverse  to  period  of  recovery  of  in¬ 
vestment. 

We  give  below  standard  periods  of  recovery  of  investment  Tg  and  effectiveness 
factors  Eg  for  several  sectors  and  branches. 


Branch/ Sector 

TS 

(years) 

Es 

(1/year) 

Metallurgy  (ferrous  and  nonferrous) 

7 

0.14 

Power  Engineering 

7-10 

0.14-0.10 

Machine  building 

3-5 

0.33-0.2 

Light  Industry 

3-5 

0.33-0.2 

Construction  industry 

6 

0.17 

Transportation 

10 

0.10 

In  determining  the  effectiveness  of  new  equipment  models  utilized  in  various 
branches  and  sectors,  that  is,  possessing  intersectorial  or  interbranch 
significance,  we  can  adopt  the  average  standard  quantity  Eg=0.15. 


Maximum  periods  of  recovery  of  investment  and  minimum  effectiveness  factors 
with  mechanization  and  automation  of  production  are  given  below. 


The  best  equipment  variant  is  determined  by 
specific  outlays: 


the  smallest  sum  of  calculated 
(3.2) 


In  conformity  with  the  "Standard  Method  of  Determining  Economic  Effective¬ 
ness  of  Capital  Investment,"  the  economic  effectiveness  of  developing  new  or 
improving  existing  types  of  machinery,  equipment,  mechanisms  and  other  im¬ 
plements  of  labor  is  achieved  at  points  of  operation  and  is  determined  by 
comparison  of  the  purchaser’s  capital  investment  with  decrease  in  the  cost 
of  products  or  operations  performed  with  the  aid  of  these  implements  of 
production.  An  increase  in  the  cost  of  machinery  manufacture  is  viewed  as 
additional  capital  Investment  by  the  equipment  purchaser,  compared  with  a 
decrease  in  current  (operating)  expenditures. 

Therefore  we  can  determine  allowable  (maximum)  wholesale-release  price  and 
allowable  (maximum)  cost  of  producing  a  newly-designed  machinery  item  on 
the  basis  of  the  following  considerations.  Let  us  assume  that  the  machinery 
item  currently  in  production  has  calculated  specific  outlays  equal  to 

SgK  E„Cy  rub/unit  of  productivity, 

while  the  new  model,  with  the  same  number  of  units  produced,  is  as  follows: 

E^Cy^  rub/unit  of  productivity. 
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Measures 

■’^max 

(years) 

®min 

(1/year) 

Small-scale  mechanization  and  automation  of 
production  (adoption  of  simple  types  of 
equipment,  installation  of  instruments  and 
devices  on  operating  equipment,  equipment 
modernization,  etc) 

1.5 

0.67 

Mechanization  and  automation  of  individual 
processes  and  operations,  modernization  of 
equipment  with  a  long  service  life  and 
maintenance  cycle,  and  partial  replacement 
of  equipment,  new  manufacturing  processes 
with  partial  replacement  of  equipment 

3 

0.33 

Adoption  of  totally  mechanized  and  auto¬ 
mated  production  processes,  installation  of 
automated  production  lines  and  shops 
without  revision  of  process  arrangement, 
adoption  of  totally  new  manufacturing 
processes 

5 

0.2 

Total  mechanization  and  automation  of 
production  processes  in  sections,  shops  and 
at  enterprises,  with  total  retooling  and 
revision  of  the  production  process  layout, 
measures  aimed  at  specialization,  coopera¬ 
tive  manufacture,  integration,  development 
of  new  types  of  materials 

6 

0.17 

The  maximum  wholesale— release  price  of  the  newly— designed  equipment, 

that  is,  the  purchaser's  capital  investment,  not  including  cost  of  shipping 
and  installation,  is  obtained  from  an  equality  of  both  equations: 

whence 

£  _  '^3)Cc  —  ^  rubles  per _ 

unit  of  prodoction 

^  E~--- 1+  Cy^) rub/unit , 


(3.3) 

(3.4) 


where  —  annual  productivity  of  the  newly-designed  equipment  in  units  of 
productivity  per  year,  while  maximum  production  cost  S'^  ,  proceeding  from 
standard  profit  within  a  range  of  10%, 
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(3-5) 


Let  us  assume  that  with  an  identical  scale  of  manufacture  Cg^SOO  rubles  per 
unit;  Seko“l  rub/unit  of  productivity;  ¥o=500  units  of  productivity  per  year; 
Sekj^=0.8  rubles  per  unit  of  productivity;  Wn=550  units  of  productivity  per 
year;  En=0.2  1/year. 

Then  maximum  price  and  item  production  cost  will  equal 


^  ^  rub/unit  of  productivity; 
C  =  ^  A  550  =  1100  rub/unit; 

%  V  0.2  / 

5;  ^  0,91  -1100=  1000  rub/unit. 


that  is,  the  price  obtained  by  calculation  cannot  exceed  the  wholesale  price 
of  the  replaced  equipment  by  more  than  2.2-fold. 

With  formulas  (3.4)  and  (3.5)  we  can  analyze  not  only  the  influence  of  in¬ 
crease  in  productivity  on  maximum  price  and  production  cost  but  also  the 
influence  of  a  number  of  other  factors  as  well.  In  particular,  an  increase 
in  service  life  and  improved  reliability  of  newly-designed  equipment  are 
reflected  in  the  indicated  formulas  in  the  magnitude  of  specific  operating 
and  maintenance  costs  of  the  new  machinery  Sgfcjj. 

As  a  rule  these  costs,  per  unit  of  machinery  produced  or  work  performed, 
decrease,  since  there  is  a  decrease  in  the  number  of  machinery  malfunctions, 
breakdowns,  and  failures;  time  between  repairs  increases;  annual  repair 
costs  decrease;  the  term  of  depreciation  increases;  the  annual  depreciation 
allowance  decreases;  annual  machinery  useful  utilization  time  Increases; 
machinery  annual  productivity  increases,  which  leads  to  a  decrease  in  out¬ 
lays  per  unit  of  output  or  productivity. 

The  relative  or  absolute  decrease  in  operating  expenses  on  fuel,  power, 
servicing,  etc,  engineered  into  the  new  piece  of  equipment  by  the  designer, 
also  reduces  the  machine's  unit  operating  cost  Sekn* 

3.  Analysis  of  Calculated  Quantities  and  Determination  of  Economically 
Allowable  (Maximum)  Production  Cost  and  Price 

The  obtained  machinery  production  cost  and  wholesale  price  must  be  compared 
with  calculated  maximum  production  cost  and  price  Snnp  s^nd  C^np;  when 
^n^^  Unp  a  design  is  economically  ineffective  and  should  not  be  adopted  if 
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this  new  equipment  does  not  pursue  any  special  objectives  (for  example, 
easing  labor,  improving  industrial  safety,  etc).  If  Sn=S'nnp  wbat 

is  more  important  for  the  purchaser,  ,  he  will  obtain  real  savings 

from  purchasing  the  new  equipment  in  place  o?  old  equipment  only  beyond 
the  limits  of  the  standard  term  of  recovery  of  investment  (in  the  above 
example  t=5  years,  that  is,  the  purchaser's  additional  capital  investment 
will  be  recovered  not  sooner  than  standard  term  Xg) .  This  of  course  is 
not  sufficiently  effective  for  achieving  savings  to  the  economy. 

In  many  cases  a  machine’s  designed  productivity  is  not  achieved  immediately, 
while  in  certain  cases  it  is  never  achieved,  due  to  a  lower  shift  factor 
and  greater  down  time  for  repairs  in  comparison  with  the  figures  employed  in 
the  calculations,  worse  utilization  of  output  capacity,  etc.  Therefore  the 
obtained  values  S’nnp  and  C’j^  should  be  viewed  only  as  maximum,  not  as 
values  toward  which  designers^ihould  strive.  In  other  words  a  wholesale- 
release  price  established  at  the  level  C'n^p  will  be  advantageous  only  to 
the  manufacturer,  since  added  to  the  price  of  the  old  machine  is  all  the 
savings  obtained  from  operation  during  the  standard  term  of  recovery  of 
Investment.  The  purchaser  of  this  product  may  even  show  worse  operational 
economic  indices. 

Thus  conditions  Sn<S’ 
new  machinery. 

On  the  other  hand  one  should  bear  in  mind  that  calculated  machinery  produc¬ 
tion  cost  Sn  is  not  immediately  achieved  by  the  manufacturer.  At  the  pre- 
production  design  stage  it  is  established  on  the  basis  of  application  of 
the  method  of  analogy  (see  Chapter  1),  utilizing  as  initial  input  data  the 
technical-economic  indices  (materials  requirements,  labor  requirements, 
production  cost)  of  similar  machinery  currently  in  production.  In  establish¬ 
ing  planned  production  cost  (see  Chapter  2) ,  the  calculation  once  again 
is  based  on  the  conditions  of  production  up  to  the  plan-specified  output 
figures  (as  a  rule,  in  the  second  year  of  manufacture) . 

The  actual  initial  machinery  production  cost,  particularly  in  the  first 
year  of  series  (mass)  production,  may  substantially  exceed  the  amount  ob¬ 
tained  by  calculation.  In  this  case  the  manufacturer,  under  conditions 
where  wholesale-release  price  C^^  is  established  on  the  basis  of  calculated 
or  average  branch  production  cost,  may  get  into  difficulty  due  to  a  decrease 
in  the  profitability  of  producing  the  new  item,  and  possibly  a  production 
loss  situation. 

In  connection  with  this,  a  large  understatement  of  Sn  and  correspondingly  Cn 
in  comparison  with  S’n^^p  and  G’n^p  can  lead  to  difficulties  in  putting  new 
items  into  production  at  the  manufacturing  plant,  particularly  with  a  limited 
product  mix  or  a  large  percentage  share  of  a  given  type  of  machinery  in  the 
total  output. 


n. 


np 


and  Cn<C'n _  should  always  be  observed  in  designing 
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In  what  way  should  the  savings  obtained  by  employment  of  a  new  piece  of 
machinery  be  distributed  between  customers  and  manufacturer?  In  setting  a 
machinery  price,  alongside  ensuring  savings  to  the  purchaser,  it  is  essential 
to  secure  a  profitability  level  which  will  not  lead  to  a  worsening  of  the 
operation  economic  indices  of  the  manufacturer.  In  any  case  profitability 
on  the  new  machinery  should  be  no  less  than  on  previously-manufactured 
equipment,  and  when  production  startup  has  been  completed  on  a  totally  new 
piece  of  machinery  for  the  given  plant,  it  should  be  not  lower  than  the 
average  level  of  profitability  obtained  on  the  manufacture  of  other 
principal  product  items. 

Thus  the  following  minimum  condition  should  be  met: 


or,  designating  C-S=Pp  (profit). 


PpH  ^  =  p  (3.7) 

S«  Sc  ’  _ 


where  p  —  profitability  of  machine  production. 
In  addition,  condition  [13]  should  be  observed 


Hn  +  Hs 
^K  +  ^C 


">  £», 


(3.8) 


where  —  annual  production  savings  calculated  per  machine  unit,  in  rubles; 
He  —  annual  operations  savings,  per  machine  unit,  in  rubles;  AK  —  addi¬ 
tional  capital  investment  in  the  production  sphere,  per  machine,  in  rubles 
[if  funds  for  new  equipment  are  allocated  from  the  new  product  startup  fund 
(see  page  9  4),  then  AK  can  be  ignored,  since  in  this  case  they  are  reflected 
in  production  cost  through  the  appropriate  nonproduction  expenditures  item] ; 
AC  —  additional  capital  Investment  in  the  area  of  operation,  per  machine, 
in  rubles;  Eg  —  standard  economic  effectiveness  factor  in  1/year  (in  those 
cases  where  the  customer  enterprises  and  manufacturer  are  in  branches  pos¬ 
sessing  differing  quantity  Es,  the  average  factor  value  for  the  industry  is 
adopted,  0.15). 

Proceeding  from  the  above  formulas  (3.6)  and  (3.8),  we  obtain  quantities 
^^np  ^i^np*  shall  figure  that  AC=Cn-Co.  From  equation  (3.6)  we  ob¬ 
tain 
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_  Cf  - 


Annual  savings  in  macliinery  production  will  be  expressed  as 

H’n=S’Q-S’n  rub/year. 


(3.9) 


where  S’q  and  S'^  —  production  cost  of  the  annual  machinery  production 
schedule,  old  and  new  equipment,  in  rubles  per  year. 


Calculated  per  machine 


5 

.  «  ““  T,. 

^lod 


whence 


Hn=SQ-Sjj  rub/unit. 


while  annual  savings  in  operating  costs  per  machine  will  equal 
Hs  =  (S..,  -  rub/unit , 


(3.10) 


(3.11) 


where  Sekp  ^nd  —  specific  operating  costs  for  the  old  and  new  machine 

in  rubles  per  unit  of  productivity;  —  annual  productivity  of  the  new 
machine,  in  units  of  productivity  per  year. 

We  shall  transform  inequality  (3.8) 

h^  +  h,>e^^k  +  e^^c 

and  substitute  corresponding  component  values: 

5^  —  5^  +  >- A/C  +  EnCf.', 

S,  +  AS,,W/„-£„A/C  + 

+  +  p)  >  p)> 

+ -^kP)  +  as^kW^k 

>  S„(l +£«  +  £„p). 


In  this  case  the  production  cost  of  the  newly-designed  machinery  item  should 
be  within  the  following  limits: 


^  ^  _L  AS  jK  ~~  A/C 


rub /unit. 


(3.12) 


and  the  wholesale-release  price 


7^-  +  E.C,-E,C, 
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Following  transformation  the  inequality  will  assume  the  form 


or 


i  1  +  P)  + - i+£„  +  £„p -  rub/unit 


"  I+^m  +  ^kP  rub/unit. 


(3.13) 


(3.14) 


In  those  cases  where  money  for  capital  investment  is  allocated  from  the  new 
equipment  fund,  and  the  latter  is  funded  through  a  special  item  in  non¬ 
production  expenditures  (see  page  94),  that  is. 


and 


or 


AK  =  0, 


"np 


<  + 


1+F«  +  £«P 


rub/unit , 


(3.15) 


C«„p<S,(l+p) 


(1  +  p)  rub /unit  ,(3.1 6) 

1  +  £«*!"£«  p 


r  ^  n  jL.  (1 4~p) 

l  +  E^  +  E^p 


rub/ unit  o 


(3.17) 


The  above  formulas  (3.12)-(3.17)  make  it  possible  to  find  economically 
allowable  maximum  production  cost  and  wholesale-release  price  values  for 
the  newly-designed  piece  of  equipment,  whereby  in  the  production  area 
production  profitability  does  not  diminish  in  comparison  with  the  old 
equipment,  and  in  the  area  of  operation  a  substantial  portion  of  the  savings 
achieved  by  replacing  the  old  with  the  new  equipment  remains. 3 


Let  us  turn  to  the  example  examined  on  page  129  and  find  maximum  production 
cost  and  wholesale-release  price  under  the  condition  that  savings  are 
divided  between  manufacturer  and  purchaser. 


When  Co=500  rub/unit  (Sq=455  rub/unit);  ASek=Seko“3ek  ~0.2  unit  of 
productivity;  Wo=500  units  of  productivity  per  year;  t}n=550  units  of 
productivity  per  year;  Es=0.2  1/year;  AK=50  rub/unit;  Pq=0.1  with  formulas 
(3.12)  and  (3.14)  we  obtain:  c,  0,2 -550  — O’, 2-50 


l  +  0;2  +  6, 2-0,1 


'./ip 


<  537  rub/unit. 


500  -f  +Q’^)  (0.2 -550  — 0,2-50) 


'finp 


1  4-0,2  +  0,2-0,l 
:59Q  rub/unit. 
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Profitability  thereby  is 


P« 


590 

527 


-1  =  0.1, 


that  is,  remains  at  the  previous  level. 

If  funds  for  capital  investment  are  allocated  from  the  new  equipment  fund 
[second  instance,  formulas  (3.15)  and  (3.17)],  then 


S«„.<455  + 


0,2-550 


’fip 


<  500 

^np 


1  +0,2  +  0.2-0.1 

<  545  rub /unit, 

"np 

(1+0,1)  0,2-550 


1  +  0,2  -f  0,2-0, 1 

<599  rub/unit. 

^np 


Profitability  thereby  is 


Pp 


599 

545 


As  is  evident  from  this  example,  in  order  to  retain  profitability  of  manu¬ 
facture  of  machinery  of  a  given  type  it  is  necessary  to  assign  to  the  plant 
part  of  the  annual  savings  obtained  in  operation. 

In  the  given  case,  from  110  rubles  annual  savings  (550*0.2)  in  the  first 
example,  we  must  take 

Cc)£„  =  (590—500)0,2=  18  rubles, 

that  is,  16.7%.  The  purchaser  obtains  savings  of  92  rubles  per  year  from 
total  savings  of  110  rubles  per  year  from  the  purchase  of  each  machine. 

Maximum  allowable  Increase  in  the  value  of  productive  assets  when  putting  a 
new  item  into  production  in  place  of  an  old  item,  whereby  the  previous 
level  of  production  profitability  as  a  whole  will  be  secured,  can  be 
determined  as  follows. 

If  we  designate  with  Pj^  the  level  of  planned  enterprise  production  profit¬ 
ability,  then  in  putting  into  production  a  new  item  in  place  of  an  old  item, 
there  should  be  observed  as  a  minimum  the  ratio 

n—\ 


rt— i 


—  Sf)  Niodf.  i  Ppi  ^ !odi 

- ! - ,  (3.18) 
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where  Vjj  —  average  productive  assets  value  (fixed  assets  and  working 
capital)  under  conditions  of  production  of  a  new  machinery  item,  in 
rubles;  Vq  —  average  value  of  productive  assets  in  producing  the  old 
machinery  item;  Ny^^;  Nyj.^  —  annual  production  schedule  for  new  and  old 
machinery  items  respectively,  units;  n-1  —  remaining  list  of  items 
produced  by  the  plant;  Pp^  —  profit  on  each  item  of  the  remaining  product 
list;  Nyrj  —  annual  production  schedule  for  each  item  on  the  remaining 
product  list. 

Then 

'  n— 1 

2  Ppi 

= - d - rub.  (3-19) 

(^c  ^c)  "h  2  ^Pi 


If  in  the  above  example  productive  assets  totaled  20  million  rubles  with 
manufacture  of  old  machinery  items,  annual  production  Nyi-j^=NyrQ=l,000 
machines,  while  profit  on  the  remaining  product  list 

n— 1 

'ZPpi'XN 100,000  rubles  per  year, 

then  the  maximum  value  of  productive  assets  in  producing  new  machinery  will 
be: 


V  (590  -  537)  1000+  100  000_  nnn non  =  9.1  1  no 000  rub., 
"  (500  —  455)  1000  +  100^0  _ _ _ 


that  is,  productive  assets  can  be  increased  by  1.1  million  rubles  without 
diminishing  production  profitability. 


In  the  second  instance  will  be 


V 


H 


(599  —  545)  1000  4-  100  000 
(500  —  455)  1000  +  100  000 


20  000  000  =^21240  000 


o> 


that  is,  an  assets  increase  of  1.24  million  rubles  can  be  allowed. 

Under  conditions  of  single-list  production 

[see  formula  (3.19)];  then  the  maximum  possible  increase  in  value  of 
productive  assets,  securing  the  former  level  of  production  profitability, 
can  be  obtained  with  formula 
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^c)  ^206 


rub. 


(3.20) 


If  productive  assets  vrith  the  manufacture  of  old  machinery  items  in  the 
first  example  above  totaled  20  million  rubles,  the  maximum  value  of 
productive  assets  in  producing  new  machinery  items  (when  N^r  )  will 

equal  ^  n  y  o 


„  ^  590-537 2q  ^  23,6 
"  500  —  455 


rub.,  j 


that  is,  productive  assets  can  be  increased  by  a  maximum  of  3.6  million 
rubles  without  diminishing  production  profitability. 


In  the  second  instance 


. .  599  — ■  545  . 


that  is,  an  increase  in  assets  hy  4  million  rubles  can  be  permitted. 


In  order  to  determine  the  maximum  wholesale-release  price  and  production 
cost,  auxiliary  reference  tables  and  nomograms  can  be  elaborated,  which  sub¬ 
stantially  speed  up  calculations.  An  example  of  such  a  nomogram  for  deter¬ 
mining  maximum  allowable  outlays  on  new  types  of  universal  machine  tools 
[12]  is  contained  in  Figure  3.1. 


Figure  3.1.  Nomogram  for  Determining 
Maximum  Allowable  Outlays 
on  New  Types  of  Universal 
Machine  Tools 

Key  to  figure:  Cq  —  wholesale-release 
price  of  replaced  model  in  rubles  per 
unit;  Ciijjp  —  maximum  wholesale-release 

price  on  improved-quality  item;  no  — 
degree  of  increase  in  equipment  produc¬ 
tivity,  times;  —  maximum  produc¬ 

tion  cost  of  improved-quality  item 
(when  p=0.2) 


^Knp  ^Knp 

mbic.pjfi.  mbic.pyd. 
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Concluding  our  analysis  of  calculated  quantities,  machine  production  cost 
Sn  and  wholesale-release  price  Cn»  obtained  by  the  methods  described  in 
chapters  1  and  2,  should  be  compared  with  the  values  of  maximum-allowable 
production  cost  Sn  and  price  Cnnp»  calculated  with  formulas  (3.12)  and 
(3.14)  or  (3.15)  and  (3.17). 


Under  conditions  where  Sn<Sn^p,  while  Cn=Cnj^p,  the  plant  will  have  a  higher 

profitability  than  on  the  previously-produced  machinery  item,  and  therefore 
with  a  substantial  difference  in  the  production  cost  of  the  newly-designed 
machinery  item  Sn  and  its  maximum  value  Snnn»  its  price  level  Cn  may  be  reduced 
in  comparison  with  the  maximum  price  value  Gnnp  obtained  with  formulas  (3.14) 
or  (3.17).  The  degree  of  this  reduction  should  be  such  as  to  provide  in¬ 
centive  for  design  organizations  and  manufacturers  not  to  bring  a  machine’s 
Sn  and  Cn  close  to  Snnp  ^ind  Cnnpj  but  on  the  contrary,  to  achieve  substan¬ 
tial  differences  from  maximum  values  (on  the  downward  side,  of  course). 


Under  conditions  where  calculated  value  Cn  differs  more  or  less  substantially 
(on  the  downward  side)  from  specified  maximum  value  Cnnp>  it  is  advisable 
when  putting  a  machinery  item  into  production  to  establish  one  or  two  levels 
of  provisional  wholesale-release  prices. 


Initially,  after  series  production  starts  up  (as  a  rule  for  6  months  to  a 
year)  a  temporary  wholesale-release  price  can  be  set  at  level  Cnnp  independent 
of  calculated  value  Cn;  this  wholesale-release  price  level  will  ensure  suf¬ 
ficient  effectiveness  of  machine  utilization  in  the  operation  area,  and  will 
ensure  the  manufacturing  plant  an  adequate  level  of  production  profitability 
with  a  production  cost  close  to  Snnp  example  on  page  119)  or  at  a  level 

between  Cppp  ^nd  C’p^^p  if  the  actual  cost  of  producing  the  machinery  item  is 

initially  greater  than  Sp^^^  and  in  connection  with  this  it  is  impossible  to 
secure  the  specified  production  profitability  level  with  a  price  at  the  level 
Cnnpj  this  naturally  will  temporarily  result  in  a  certain  decrease  in 
machinery  utilization  effectiveness  in  the  area  of  operation  (or  upon  es¬ 
tablishment  of  price  at  the  level  C’ppp  the  absence  of  economic  effect  within 
the  bounds  of  the  standard  term  of  recovery  of  investment) . 

A  second  wholesale-release  price  level  can  be  established  between  limits  Cp 
and  Cnnp  conformity  with  actual  production  cost,  if  the  latter  has  not 
yet  reached  calculated  level  Sp  or  at  level  Cp,  if  the  calculated  production 
cost  Sp  is  achieved  by  the  second  year  of  production. 


However,  in  order  to  provide  the  manufacturer  with  material  incentive  quickly 
to  achieve  the  calculated  production  cost  on  a  new  machinery  item  Sp,  in  es¬ 
tablishing  prices  one  should  elaborate  a  progressive  scale  of  increasing 
profitability  on  the  given  item.  Therefore  we  can  suggest  the  following 
procedure  for  establishing  temporary  wholesale-release  prices  for  the  ini¬ 
tial  years  of  manufacture.  Table  3.2  contains  a  variant  of  establishment  of 
wholesale-release  prices  with  the  following  figures:  production  cost  of 
machinery  item  currently  in  production  So=455  rubles  per  unit;  wholesale- 
release  price  of  machinery  item  currently  in  production  Co=500  rubles  per  unit; 
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annual  productivity  of  currently-produced  machinery  item  Wq=500  units  of 
productivity  per  year;  calculated  production  cost  of  new  machinery  item 
8^=500  rubles  per  unit;  calculated  wholesale-release  price  of  new  machinery 
item  Cn=550  rubles  per  unit;  new  machinery  item  annual  productivity 
Wn=550  units  of  productivity  per  year;  specific  additional  capital  invest¬ 
ment  on  the  new  machinery  item  AK,=50  rubles  per  unit;  standard  economic 
effectiveness  factor  Es=0.2  1/yr;  planned  profitability  of  the  currently- 
manufactured  item  and  calculated  profitability  of  the  new  machinery  item, 

p=0.1. 


Table  3.2.  Establishment  of  Wholesale— Release  Price  on  a  Newly-Designed 
Machinery  Item 
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Table  3.2  (cont'd) 
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Table  3.2  (cont'd) 


Key  to  table:  1  —  savings  on  operating  costs,  in  rubles  per  unit  of  productivi¬ 
ty;  2  —  anticipated  actual  cost  of  producing  new  machinery  item,  in  rubles 
per  unit;  3  —  maximum  cost  of  producing  new  machinery  item,  rubles  per  unit; 

4  —  maximum  wholesale-release  price  on  new  item,  rubles  per  unit;  5  — 
economically  allowable  maximxim  production  cost  of  new  item,  rubles  per  unit; 

6  —  economically  allowable  maximum  wholesale-release  price  of  new  item, 
rubles  per  unit;  7  —  wholesale-release  price  on  new  item  established  for  the 
plant,  rubles  per  unit;  8  —  established  profitability  on  a  new  item; 
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(Key  to  Table  3.2  continued  from  preceding  page)  9  —  annual  savings  by 
purchaser  per  unit,  rubles;  10  —  annual  purchaser  savings  going  to 
manufacturer;  11  —  percentage  of  annual  savings  for  purchaser  allocated 
to  manufacturing  plant;  12  —  parameters;  13  —  symbols;  14  —  duration  of 
series  production,  years;  15  —  and  longer;  16  —  comments;  17  —  savings 
differ  due  to  specified  change  in  wholesale-release  price,  which  is 
reflected  in  size  of  depreciation  allowance;  18  —  determined  from 
statistical  graphs  of  decrease  in  item  production  cost  from  year  to  year, 
proceeding  from  planned  production  cost  of  new  machinery  item  (500  rubles) ; 

19  —  see  formula;  20  —  temporary  wholesale  price  715  rubles  for  the  first 
6  months,  established  to  retain  standard  level  of  profitability  (0.1), 
proceeding  from  anticipated  actual  production  cost  (650  rubles) .  In  the 
other  columns  the  level  of  profitability  increases  by  common  progression  ratio 
1.2,  adopted  in  the  given  example  (see  8);  21  —  product  of  number  1  and  an¬ 
nual  productivity  of  new  machinery  item 


As  is  evident  from  the  table,  the  proposed  procedure  of  establishing  a  whole¬ 
sale-release  price  not  only  offers  the  manufacturing  plant  incentive  to 
adopt  new  equipment,  since  it  retains  the  previous  level  of  profitability 
from  the  very  initiation  of  series  manufacture  of  the  new  machinery  item, 
but  also  provides  incentive  rapidly  to  achieve  plan— specif led  production 
cost.  Wholesale  price  for  the  first  6  months  of  series  production  is  es¬ 
tablished  at  C'nnp  (when  C'nnp~825  rubles  per  unit,  the  temporary  wholesale 
price  is  Cn2a<j=7i5  rubles  per  unit),  which  ensures  recovery  of  investment 

within  the  standard  period  of  time.  After  18  months  the  wholesale  price 

rubles  per  unit)  is  lower  than  the  economically  allowable  maximum 
price  (Cn™=590  rubles  per  unit),  but  nevertheless  it  ensures  a  substantial 
increase  in  profitability  of  machinery  manufacture. 

Even  with  observance  of  plan-specified  production  setup  timetables,  deter¬ 
mined  on  the  basis  of  statistical  data  on  prior— manufactured  machinery  of  a 
similar  kind  (reduction  of  production  cost  with  each  year  in  production  or 
after  so  many  units  produced  from  the  beginning  of  production),  machinery 
production  profitability  increases.  If  a  plant  sets  up  full  production  of 
a  new  machinery  item  in  a  shorter  period  of  time,  reaching  planned  (cal¬ 
culated)  production  cost  Sn=500  rubles  not  in  one  and  half  years,  let  us 
say,  but  after  6  months,  production  profitability  on  the  new  machinery  item 
will  reach  a  level  of  0.23  in  6  months,  that  is,  will  significantly  exceed 
the  level  set  for  the  second  year  in  production. 

Of  course  during  practical  utilization  of  the  proposed  method  there  may  be 
substantial  corrections  in  individual  elements  of  the  calculation  (gradation 
of  established  prices  by  year,  geometric  progression  ratio  in  establishing 
a  level  of  profitability,  etc).  This  will  be  determined  in  large  measure  by 
branch  features,  size  of  production  run  and  other  factors.  The  main  thing 
is  that  this  method  makes  it  possible  to  retain  and  even  to  increase  produc¬ 
tion  profitability  with  the  adoption  of  new  equipment,  ensuring  thereby 
adequate  economic  effectiveness  in  the  area  of  operation  (particularly  when 
the  manufacturer  rapidly  reaches  the  economically  allowable  maximum  produc¬ 
tion  cost  Snnp) •  This  is  particularly  important  under  conditions  of 
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changeover  by  all  plants  to  the  new  principles  of  economic  management 
specified  by  the  September  (1965)  CPSU  Central  Committee  Plenum  and  the 
23d  CPSU  Congress. 

Figure  3.2  contains  a  general  diagram  of  a  comprehensive  analysis  of 
machine  economic  parameters,  production  cost,  maximum  production  cost  and 
price.  The  double  lines  in  the  diagram  indicate  feedback  —  the  need  to 
make  certain  decisions  in  relation  to  analysis  results. 


Figure  3.2.  Diagram  of  Comprehensive  Analysis  of  Machine  Parameters,  Produc¬ 
tion  Cost,  Maximum  Production  Cost  and  Price  During  Preproduction  Design 
and  Engineering 

Key  to  figure:  1  —  preparation  of  preliminary  design,  preliminary  drawings; 
2  —  preliminary  and  detailed  engineering;  3  —  preproduction  engineering; 

4  —  consolidated  preliminary  calculations  of  machinery  production  cost  and 
wholesale-release  price;  5  —  refined  calculations  of  machinery  production 
cost  and  wholesale-release  price;  6  —  calculations  of  machinery  planned 
production  cost  and  wholesale-release  price;  7  —  establishment  of  maximum 
production  cost  and  maximum  wholesale-release  price 


We  should  note  that  in  establishing  a  wholesale-release  price  on  a  newly- 
designed  machinery  item,  a  number  of  other  technical-economic  factors  should 
also  be  analyzed.  In  particular,  it  is  of  considerable  significance  to  the 
manufacturer  to  determine  what  percentage  share  of  machinery  production  cost 
is  represented  by  purchased  semimanufactures,  finished  items,  assemblies 
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and  parts  obtained  on  a  cooperative  manufacture  basis  from  other  plants. 

At  some  plants  the  share  of  cooperative-manufactured  items  ranges  from 
50  to  80%  of  production  cost,  which  significantly  reduces  a  plant's  capabili¬ 
ty  to  increase  production  profitability  by  finding  and  utilizing  in-plant 
reserve  potential  for  reducing  manufacturing  costs.  One  should  bear  in  mind 
thereby  that  some  component  items  obtained  on  the  basis  of  cooperative 
manufacture  may  carry  an  overstated  wholesale-release  price  and  bring  the 
supplier  plant  high  profits,  while  increasing  manufacturing  costs  at  the 
customer  plant. 

At  the  same  time  a  broadening  of  cooperative  manufacture  with  unchanged 
scale  of  production  leads  to  a  decrease  in  the  cost  of  productive  assets 
required  by  the  plant,  which  increases  production  profitability. 

Also  of  importance  in  establishing  a  wholesale-release  price  are  other 
significant  factors,  but  even  an  analysis  of  the  above  factors  presents 
considerable  difficulties  and  requires  separate  investigation. 

4.  Ways  to  Reduce  the  Labor  Requirements  of  Calculating  Production  Costs 

Gradual  refinement  of  calculations  performed  at  the  stages  of  preproduction 
design,  as  input  information  is  accumulated,  substantially  increases  the 
labor  required. 

In  fact,  if  at  the  preliminary  planning  stage  and  during  preparation  of 
preliminary  sketches  one  is  limited  to  a  consolidated  calculation  for  the 
new  machinery  item  as  a  whole,  utilizing  one  or  two  calculation  relations 
for  this  purpose,  at  the  preliminary  engineering  stage,  with  the  unlt-by- 
unit  (or  assembly— by-assembly)  method  of  calculation  the  number  of  these 
relations  will  frequently  run  into  the  dozens  and  hundreds,  while  at  the 
detailed  engineering  stage,  with  the  part-by-part  method  of  calculation, 
there  may  be  several  thousand  or  tens  of  thousands.  This  will  cause 
significant  difficulties  in  the  practical  emplo3nnent  of  the  suggested  cal¬ 
culation  methods. 

Collection,  processing  and  classification  of  a  large  quantity  of  statistical 
material  are  essential  in  order  to  obtain  calculation  formulas  on  machinery 
items,  units,  assemblies,  and  parts.  This  task  can  be  handled  only  by  large 
staffs  of  branch  scientific  research  institutes  and  design  organizations, 
with  extensive  emplo3mient  of  information  encoding  methods,  computer  hardware, 
etc.  Employment  of  numerous  formulas  for  refined  calculations  on  the  cost 
of  producing  designed  parts,  assemblies  and  units  as  well  as  determination 
of  machinery  production  cost  on  the  basis  of  the  performed  calculations  con¬ 
stitute  extremely  laborious  jobs  which  are  scarcely  within  the  capability 
of  the  small  number  of  economists  employed  by  design  organizations  and  in¬ 
dustrial  plants. 

These  factors  lead  to  the  necessity  of  elaborating  a  well-balanced  classifica¬ 
tion  of  parts,  assemblies,  units  and  machinery  items  on  the  basis  of  design- 
process  features  and  the  construction  of  calculation  formulas  applicable  to 
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classes,  first  and  foremost  for  parts,  assemblies  and  units  of  interbranch 
application  —  bearings,  gears,  clutches,  motors,  reduction  gears,  etc,  on 
which  there  is  available  considerable  statistical  material,  making  it  possible 
to  obtain  standard  calculation  formulas.  Design  features,  manufacturing 
process  and  organizational  conditions  of  production,  and  operation-main¬ 
tenance  requirements  could  be  considered  separate  components  or  factors  in 
these  formulas.  For  such  formulas  it  is  necessary  to  elaborate  convenient 
reference  tables  and  nomograms,  making  it  possible  quickly  to  obtain  the 
values  of  individual  components  and  factors  of  the  calculation  formula. 

If  serious  difficulties  are  encountered  in  elaborating  reliable  calculated 
relations  for  parts,  assemblies  and  units  of  narrow-branch  application  due 
to  a  deficiency  of  input  data,  making  it  impossible  to  apply  modern  methods 
of  mathematical  statistics  and  probability  theory,  then  for  items  of  inter¬ 
branch  application  the  greatest  difficulty  evidently  consists  in  collecting 
factual  data  on  materials  requirements,  labor  requirements  and  cost  of  manu¬ 
facture,  and  in  classification  of  materials  on  the  basis  of  the  methods  of 
already-performed  calculations  and  selection  of  optimal  ones.  This  job  is 
too  much  for  individual  investigators  even  with  localization  of  analysis  on 
a  single  type  of  item.  Gear  reducers,  for  example,  are  manufactured  by 
hundreds  of  plants  of  various  branches  (including  in  this  class  transmis¬ 
sions  for  cars,  trucks,  tractors,  machine  tool  gearboxes,  etc);  calcula¬ 
tions  on  these,  including  technical-economic  calculations,  are  performed  by 
numerous  organizations,  scientific  research  institutes,  special  design 
offices,  and  plant  facilities. 

This  work  should  be  performed  in  a  centralized  manner,  by  a  large  scientific 
research  institute  of  economic  specialization  with  the  extensive  involvement 
of  engineer-technician  personnel  —  designers  and  process  engineers.  It  is 
to  the  benefit  of  our  entire  national  economy,  particularly  now,  when  a 
major  campaign  is  under  way  to  regulate  prices,  to  bring  them  closer  to 
value,  with  enormous  importance  attached  to  producing  machinery  with  high 
technical-economic  indices  both  in  production  and  in  operation,  when  planning 
and  design  organizations  and  industrial  plants  should  possess  precise  know¬ 
ledge  in  advance,  long  before  initiation  of  production,  of  the  economic 
effect  to  be  obtained  from  putting  new  machinery  into  production. 

The  following  is  necessary  in  order  to  perform  precise  calculations  of 
technical-economic  Indices  and  to  reduce  their  labor  requirements:  to  classify 
parts,  assemblies,  units,  and  machinery  by  design-process  and  operation 
features;  to  systematize  all  statistical  technical-economic  materials  on 
each  class  and  reference  materials  on  methods  of  calculating  technical-economic 
indices;  to  elaborate  standard  calculation  formulas  for  determining  materials 
requirements,  labor  requirements  and  production  cost  applicable  to  each  class 
of  parts,  assemblies,  units,  and  machines,  for  their  utilization  at  various 
stages  of  preproduction;  to  prepare  on  each  class  reference  tables,  nomo¬ 
grams  and  graphs  \diich  make  it  possible  quickly  to  determine  the  values  of 
individual  components  and  coefficients  of  a  calculation  formula  for  specific 
design  features,  process,  organizational  and  operational  conditions;  to 
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train  personnel  of  plant  planning-economic,  design  and  process  engineering 
divisions,  design  organization  personnel,  and  students  at  technical  and  en¬ 
gineering-economic  higher  educational  institutions  and  secondary  technical 
schools  methods  of  calculating  production  cost  in  designing  machinery; 
extensively  to  utilize  modern  high-speed  computer  hardware  for  establishing 
a  standards  base  and  performance  of  calculations  of  the  cost  of  producing 
machinery  in  the  design  stages. 

Analysis  of  calculated  production  cost  and  wholesale-release  price  together 
with  analysis  of  allowable  (maximum)  production  and  wholesale-release  price 
should  be  performed  at  all  stages  of  preproduction,  with  designers  mobilized 
to  obtain  high  technical-economic  indices  of  new  machinery  designs. 

The  economic  reform  carried  out  in  this  country  on  the  basis  of  the  resolu¬ 
tions  of  the  September  (1965)  CPSU  Central  Committee  Plenum  and  the  23d  CPSU 
Congress  offers  enterprises  incentive  to  achieve  optimal  economic  indices 
in  their  activities  and  to  improve  production  profitability.  This  will  un¬ 
questionably  be  promoted  by  establishment  during  the  design  process  of 
economically  substantiated  production  cost  and  wholesale-release  price  of 
new-design  machinery. 


FOOTNOTES 

1.  In  this  study  we  do  not  examine  the  method  of  determining  the  effective¬ 
ness  of  new  equipment  but  only  analyze  possible  methods  of  calculating 
production  cost,  which  is  a  component  part  of  technical-economic  effective¬ 
ness  analysis.  The  method  proper  is  examined  in  detail  in  a  number 

of  studies  [1,  5,  11,  12]. 

2.  Machinery  production  profitability  p  should  not  be  confused  with  the  term 
level  of  profitability  of  an  enterprises  production  activities,  which  is 
defined,  as  we  know,  as  the  ratio  of  profit  to  the  average  value  of 
productive  assets. 

3.  We  are  dealing  here  only  with  establishment  of  an  economically  substan¬ 
tiated  maximum  machinery  price,  not  with  any  limit  to  enterprise  profit¬ 
ability.  With  economical  production  it  is  possible  to  achieve  consider¬ 
ably  higher  actual  enterprise  profitability.  Proceeding  from  the  re¬ 
quirements  of  economic  policy,  government  organizations  can  establish  dif¬ 
ferent  correlations  in  distribution  of  savings  between  manufacturer  and 
customers  in  order  to  increase  production  profitability  at  a  given  plant. 
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APPENDICES 


Appendix  1 


List  of  Price  Lists,  Effective  1  July  1967, 
on  Materials,  Purchased  Items  and  Installation 
Jobs  Required  for  Computing  the  Cost  of  Designed 
Machinery 


MarepHajiu,  noKyniibie  HaflcjiiiH,  bhau  paCoT  ^ 

2 

Ns  npeficKypaHra 

OiiTOBbe  ueHM  3 

MyryH  h  (J’eppccnjiaBbi  .4 . 

01-01 

CiaAfa  o6biKHOBeHiforo  Ka>iecTBa  .5 . 

01-02 

KaMecTBeiiHaH  ctajib .  6  .  .  .  . . 

01-03 

Tpy6bi  cTajibHbie  li  >iyryHibie  .  .  7 . 

01-04 

MerajiAoiiaaeAHa  npoMbiiUAeiiHoro  HaaimeHHS!  .8... 

01-05 

JIoM  H  oTxoAbi  Mepiibix  MetaAJioB  (aaroTOBUTaabHbie 

n  cSbiTOBbie  uenbi)  .9 . 

01-08 

HBBTHbie  MeraA.Ibl,  CHAaBbl  H  nopouiKH  .  .10  .  .  . 

02-01 

iBepAfaie  cnAaniii  n  usAejiHH  iia  hhx  ....  11.  . 

02-03 

DaeuTpoAHasi  npoAyKuusi . 12 . 

02-04 

npoKaxHO-THHyTfaie  H  npeccoBanHbie  mRemn  m 

HBCTHblX  MeTajIJlOB  H  CBJiaBOB . 13  .... 

02-06 

He.^TenpoAyKTbi  (onroBbie  uenu  ^po^ifalUIJIeHHOCTH)14 

04-02 

ripiipoAHbiH  ras,  nonyTHHH  HecfiTSHOH  raa,  raa  or 

nepepaSoTKH  hb^th,  HCKyccTBeHHbift  raa,  ras  kokco-- 

BbiH,  raa  flOMeHHbiii  h  raa  or  XHMiHecKoft  nepepa6oT- 

Kj!  Ton.xHBa  (onxoBbie  ushm  npoMbiuiAemiocxH  h  obto- 

Bbie  ueHb!  npe;inpH5!xiifl)  ....  15 . •  . 

04-03 

XnMU'iecKaa  npoAyKuiia . 16  •  •  .  .  ■  . 

05-01 

CnHxexii'iecKne  KpacHTe.mi  h  npoMe>KyT04Hbie  npo- 

AvKTbi  A.’in  KpacHxejiefl . ■.  .  .  L7 .  .  .  . 

05-02 

HaACAUB  n  AexaAH  aasi  aBXoxpaKxopnou  nooMbiui- 

jien  iocxH  li  xpyCbi  Ha  nAacxHiecKnx  Macc  .  18.  .  . 

05-03 

JIaKOKpaco'nibie  MaxepnaAbi  .  .19 . 

05-04 

Jleiixbi  KonBeiiepiibie  h  pewHH  npopeaHnennbie  .  2.0 .  . 

05-08 

ripOAyi<mi51  UJHHHOn  npOMbHUAeUHOCTH  21 . 

05-05 

PeaiiHODbie  xexHii'iecKiie  AexaAii  h  HaAejiHA  22.  .  . 

05-08 

XiiMiiHecKiie  peaKTjiBbi  h  npenapaxu  ....  23  . 

05-11 
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ii 

2 

28 
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30 

|31 

'B2 


it 

i? 

38 


|39 


,40 

141 

i 

I 

42! 

\ 

'A3\ 

44! 

45 

■,46| 

A7\ 


1  MaTepnajiu,  noKynnue  n3;^e;lHa,  Bn/ibi  paflor 

2 

JSie  npcftcKypama 

ripoayKUHa  uiHHHOH  npoMbimjiemiocTH  (eafiHwe  on- 
TOBfaie  iieHbi) . . 

05-14 

liewenT . 

06-01 

HsflejiHa  H3  CTCKjia  :i  cTeKjiaHnoro  BojioKua 

06-02 

CfiopHbie  }Ke/ie3o6eTOHHb!e  H3.iie.aH«  ... 

06-08 

MeTajuiiiaecKaa  rapa  . 

07-26 

TapHtjJbi  Ha  BjieKTpHiecKyio  n  TenjioeyK)  anepruio, 

OTnycKaeMyro  3HeprocHCTe,MaMH  h  a-ieRTpocTaHnnaMH 
MHHHcrepcTBa  sHeprerHKH  h  3JieKTpn;})nKamiii  CCCP  . 

09-01 

TapH4)bi  Ha  rpysoBbie  }Keae3HOAopo>KHbie  nepcBosKii 
(TapH[})Hoe  pyKOBOACTBO  M  1  MuHHCTepcTBa  nyTeft 
coo6meHHa) . 

10-01 

TapH4)bi  Ha  nepeBosKK  rpyaoB  aBTOMo6n.nbHhiM  TpaH- 
cnopTOM . 

13-01-01  (1964r.) 

MauiHHbi  sjieKTpHMecKHe  cpeAHeft  h  Ma;ioH  Mom- 

HOCTH  .....  . 

15-01 

MamiiHbi  s.aeKTpHHecKiie  6oJibuioii  mouihocth,  Typ- 
fiorenepaTopbi,  niaporeHepaTopbi  h  nepeflniibXHbie 
3JieKTpOCTaHUHH . 

15-02 

Anfiapaxypa  saeKTpimecKasi  BbicoKOBo,7ibTHaa  .  .  . 

15-03 

Annaparypa  saeKTpiHiecKasi  HHSKOBoabTuafi.  Macxb  1. 
Annapaxypa  sjieKTpmiecKaH  HHSKOBojibTuaa.  Macxb  II. 
KoMHjieKTHbie  ycTpoficTBa . 

15-04 

TpaHc4)opMaTopbi,  noACTaimiiH  TpaiictjiopMaTopubie 
KOMnjieKTHue,  peaKTopbi  h  npeo6pa30BaTe.iin  CHaoBbie. 
MacTb  1.  TpaHc4)opMaTopbi,  rioACTaHunH  xpaKCfjiop- 
MatopHbie  KOMiMeKTHbie.  Macxb  II.  npeodpaaoBaiejiH 
cn,/iOBbie  H  peaKTopbi  CeTOHHbie . 

15-05 

06opy.HOBaHne  9,neKTpocBapo'moe,  npeo6pa30BaTe.aH 
BbicoKOH  MacTOTbi  n.aaBKH  h  aaKajiKii  Mera.-uioB  h 

odopyfloBaime  flaa  rasoBoii  CBapKH  .  . . 

15-06 

KaSMBHbie  H3.ae.iiHH . 

15-09 

SaeKTpoHaojiHUHOHiibie  naaeaiiH.  '^acrb  I.  SjieKTpo- 
H30,nHUH0HHbie  HSaejIHH.  MaCTb  11.  3jieKTp0H30,JIH- 
HHOHHbie  KepaMHHecKHe  iBae-nia . 

15-10 

AKKyMyjiHTopbi  9HeKTpiBtecKiie,  darapen  h  saemeH- 

Tfai  raabBaHHqecKHe  . 

15-J 

Annapaxypa  pa;^HOCBfl3H  n  pa,^HOAeTa.nn  o6mero 
npHMeneHHn . . 

16-01 

SjieKTpoeaKyyMHbie  h  nojiynpoBo^HHKOBbie  npn6o- 

pu  H  CBeioxexHHnecKHe  Hsztejiiin . 

16-03 

Annapaxypa  npoBoanoft  cbhsii . 

16-02 

npH6opbi  3;iekTpoK3MepHTe.nbHbie  o6mero  npiiMene- 

Hlifl . 

17-01 

npiiCopbr  pa;iHOTexHH»iecKHe  iiaMepnxejibHbie  o6u;e- 
ro  npHMeneHHH . 

17-02 
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^  MaiepHajibi,  noKynHue  HSAeJinH,  BHAti  pa6oT 

2 

Xs  npeScKypaHTa 

48 

npH6opbi  ti  MamuHw  A-ia  rcnuTamis!  MarepHajiOB, 
liSMepeHHH  MexaHH'iecKHX  BejiH'inH  h  npnOopbi  Bpe- 

17-03 

49 

NieiiH . 

ripuSopbi  KOHTpoJiH  H  peryjiHposaHHH  TeMnepa- 

Typbi,  pacxoAa,  yponna,  AaBJiaHHJi,  cocTasa  h  coc- 

17-04 

TonHHa  BeiuecTB  B  np0H3B0ACTDeHHbix  npoueccax  .  . 

50 

Cp°/lCTBa  BblHHaiUTejlbHOH  TeXHHKH 

17-08 

51 

CTaiiKH  MeTajiJiopewyiMHe  .  .  ; . 

18-01 

52 

06opyflOBaHHe  ,iepeBoo6pa6aTbiBaK)uiea . 

18-02 

AlamiiHbi  KysHeBHO-npeccoBbie . 

18-03 

54 

06opyAOBaHHe  rjih  jiHTeftHux  uexoB . 

18-04 

55 

HncTpyMeHT  h  HSMepHTeJibHue  npH6opbi.  HacTb  1. 
Pe>KymHH  HHcrpyMeHT.  MacTb  II.  PemymHfl  HHcrpy- 
MeUT  3y6ope3Hb!H  H  npOT!l,KHOH.  MaCfb  III.  liSMepH- 
TejibHbift  HHCTpyineHT  H  HSMepHTejibHbie  npHfiopbi. 

! 

MacTb  IV.  HanHJibHHKH,  flepeBope>KyumH,  cjiecapHO- 

MOHTa>KHbiH  HHCTpyMenT  H  HHCTpyweHT  paSHOFO  HasHa- 

18-05 

56 

HSHHH  . 

HHCTpyMeHT  HecTaH.aapTH3HpoBaHHbiH:  usMepHiejib- 
Huii,  pe>KymHft,  CTpoHTejibHbifi,  cjiecapHO-MOHTawHwfi 

18-05-01  (1963r.) 

H  npoqHfl  . 

57 

MaTepHa.nbi  aSpasHBHbie,  HHCTpyMeHT  aCpaanBHbift 

18-06 

58 

H  uiKvpKa  m.aH(t)OBajibHaH . 

AjiMaaiibie  nopouiKH  h  ajiMaanuH  HHCipyMeHT  H3 

18-07 

59 

npiipoflHbix  H  cmneTHMecKHx  a.aMa30B . 

PHiipoannapaTypa,  nHeBMoannaparypa  h  annapaxy- 

18-08 

pa  cinaaKH . 

60 

Koxjifai,  xypCiiUbi,  xypSoycxaHOBKH  h  MaiuHHU  na- 

19-04 

pOBbie . . 

61 

KoTejibHO-Typ6HHHoe  BcnoMoraxenbHoe  o6opy^iOBa- 

19-05 

62 

HHe . 

06opyfloBaHne  rpysonoflbeMHoe  TpaHcnopTHpyro- 
uiee.  Macxb  I.  Kpanu  h  norpyaOMHO-pasrpyaoMHoe 
oSopyflOBaHHe .  Macxb  II.  JleSeAKH  H  uenn.  HacTfa  III. 

19-06 

63 

TpaHcnopxHpyromee  o6opyflOBaHHe . 

ripoMbiiiijieHHwe  neBii  h  HarpeBaxejibHbie  ycxanoB- 

19-07 

64 

PeayKTopbi  h  Mycpru  coaAHHiixejibHHe . 

19-08 

65 

nO^BHJKHOH  aie.XeSHOaOpOJKHblft  cocxaB . 

20-01 

66 

Cyfla  MopcKHe,  oaepubie  h  psMUbie  caMoxo^Hbie  (c 
aBiiraxejieM  MomHOcxbio  CBbiuie  400  Ji.  c.)  h  necaMo- 
xoiiHbie  (rpy3ono.aT)eMHOcTbio  CBbiuie  1000  m),  cyao- 
Bbi0  MCxaHHSMbi  H  o6opy.ilOBaHHe.  Macxb  I.  Cyfla 
•MopcKiie,  oaepHbie  k  pefHbie.  Macxbll.  CyflOBwe  Me- 

20-02 

67 

XaHH3M3I  H  oOopVAOBaHHe . 

HBHraiejiH  BHyxpeHHero  cropaHHH,  AHsejib-renepaTO- 

pbi  H  raao-MOTOKOMnpeccopb! . 

20-03 
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MarepHajibi,  noKynutic  usAejiHH,  bhau  pa6oT 


.V»  npei’iCKypanTa 


Cyaa  MopcKHe,  oaepiibte  ii  pemibie  caMoxoaiibie 
(c  ABHraTcjieM  MomiiocTuo  ao  400  a.  c.),  necaMo- 
xoAHbie  (rpysoiioAieMHOCTbio  ao  1000  m),  cyAoiibie 

MexanHSMbi,  oOopyAOBaHJie  h  Ap . 

'  AbtomoShah,  aBToOycbi,  TpojuieiiOyci,!,  rpaKTopw, 
npimenu,  rpyaosbie  MOTopojiJiepbi,  norpys'iUKH,  sjieKT- 
ponapbi  . . 

rioAUIHnHHKH  mapHKOBbie,  pOAHKOBbie  H  luapHHp- 
HbI6 

MamHHbi  ce.nbCKoxo3aiicTBeHHbie . | 

SAeKTpooSopyAOBaHHe,  npn6opbi,  TonjiiiBHasi  anna- 
parypa  h  aanaciibie  BacTH  k  hum  ajib  aBioMoOiweii, 
MOTOUHKAOB,  TpaKTOpOB  H  CeAbCKOXOSHHCTBeHHblX 
MamiiH . 

SAeKTpooOopyAOBanne,  npn6opbi,  Ton-uiEHaa  anna- 
parypa  h  aanacHbie  qacTji  k  hum  aah  aBTOMoOiiaeii, 
TpaKTOpOB  tl  Ce.lbCKOXOBHHCTBeHHblX  MauIHH  (eAHHbie 
onTOBbie  ueHbi) . 

MauiHHbi  H  oOopyAOBauHe  cxpoHieAbHoe  h  o6odv- 

AOBaHHe  Top(})jiHoe .  . . . 

OOopyAOBauHe  ApoOHAbHO-pasMO.'ibnoe . 

MHCTpyueHT  CTpOUTeAbllO-AOpOJKHblfi  .... 

Hacocbi . 

OOopyAOBaHHe  xo.TOAHAbHoe  h  KOMnpeccopHoe,  Ba- 
KyyM-Hacocbi,  annapaiu  a-ih  npoHSBOACTBa  KiicAopo- 
Aa  H  npoAyKTOB  pasAeAeniiH  BosAy.xa,  oCopvAOBaHHe 

AAB  xpaneHHB  raaoB  . 

OCopyAODaHHe  xiiMimecKoe.  Macxb  i.  ’CxaHAapTH- 
MpoBaHHoe  XHMHAecKoe  oOopyAOBaHHe.  lacxfa  II 

neq3xexti.MHqecKaB  annapaxypa . 

OOopyAOBaHiie  noAHxpa^imecKoe  h  KonnpoBaAbHo- 
MIIOJKHXeAbHOe . 

ApMaxypa  xpyOonpOBOAHaa  npoMbiuiAeHnaH  ii  cVao- 
Baa.  WaCTb  I.  ApMaxypa  xpyOonpoBOAHaa  npoMum- 
.aeHHaa.  4acxb  II.  ApMaxypa  xpyOonpoBOAHaa  cyAo- 
<••••••  •' 

OfiopyAOBaHHe  BeHxaaauHOHHoe  h  aah  kohahuhohh- 
poBaHHa  BosAyxa  .  .  . 

OOopyAOBaHHi  A-aa  ohhcxkh  BosAyxa  h  npoMbi'ui- 
ABHHfaix  raaoB . .  _ 

OjiaHUbi,  apMaxypa  h  BcnoMoraxeAbHue  HSAa/iHa  ’ 
npHoopbi  H  oOopyAOBaHHe  ajib  xpyfionpoBOAOB 
CH.Xbl})OHH . .  . 

OOopyAOBaHHe  npoxHBonojKapnoe  h  sanacHbie 

BacxM .  2. 

HopMaAH  K  aBXOMoOHJIHM  H  xpaKxopaM . 


21-07A 


-02-01  (1963r.) 
24-11 
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88 

89 

90 

91 

92 

li 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 
109 


2^  MaTepiiaiibi,  noKynHwe  Ha^^ejinn,  pa6oT 

2 

Ks  npeiicKypaHTa 

Haa&jiHfl  (AerajiH  h  yajiu)  A-nsi  chctcm  OTonjieHHH, 

BeHTHJismuii  H  B0A0CHa65Kennn,  KanajinsauMH  h  raao- 

CHa6>Kenii!i . 

24-15 

PvKaBa  MeTajiJHiqecKHe,  Bajiw  rH6KHe,  naeieHKH  H 

;ipyriie  MeTa.7jiopvKaBHHe  H3AGJiiisi . 

24-16 

JiHTbe,  noKOBKH  !i  ropflmie  lUTawnoBKH . 

25-01 

SanacHfaie  HacTii  k  3JieKTpoo6opyAOBaHHio  .... 

27-01 

SanacHhie  'lacTii  k  aiinaparype  npoBOAHoii  cbh3H  . 

27-02 

SanacHbie  qacTii  k  npii6opaM . 

27-03 

3anacHbie  uacTii  h  HopMajin  k  craiiKaM  MerajiJiope- 

. 

27-04 

SanacHbie  mbcth  k  ;^epeBoo6pa6aTbiBaioiueMy  060- 
pyAoeaHHKD . 

27-05 

SanacKLie  qactu  k  o6opyAOBaHHio  KysHeiHO-npec- 
COBOMy  li  JIHTeHHOMy . 

27-06 

SanacHbie  qacTu  k  aBTOMo6H.'MM,  aBTOdycaM,  asTO- 
norpyamiKaM,  iipimenaM  h  Tpo-iaeiiCycaM . 

27-07 

SanacHbie  MacTU  k  rpaKTopaM  . 

27-08 

SanacHbie  MacTii  k  cejibCKoxo35iHCTBeHHbiM  MauiH- 
HaM . . . 

27-09 

SanacHbie  tiacTH  k  TpaiuopaM  (ejiHHbie  onioBbie 
ueHbi)  . . 

27-llA 

SanacHbie  >iacTH  k  oeopy^oBanmo  sHeprein'iecKo- 
My . . . . 

27-15 

SanacHue  qacm  k  ABHrarejifiM  BHyxpeHiiero  cro- 
paHHsi  H  arpeiaxaM  (KpoMe  aBTOMoSmibHbix  h  xpaK- 
TOpUblX) . 

27-18 

SanacHbie  qacTH  k  cTpoiiTeabHbiM  MamuHaM  h  Apo- 
duAbHO-pasMOJibiioMy  oCopyAOBanmo.  Macxfa  I.  Cxpo)!- 
xeabHbie  MamuHbi.  Macxb  'll.  Hpo6nJ!bHO-pa3ManbHoe 
oSopyAOBaHHe . . 

27-19 

SanacHbie  Macxii  k  rpyaonoABeMiiovy  h  xpaHcnopxH- 
pyiomeMy  o6opyAOBaHHio  . . . 

27-22 

SanacHbie  nacTH  k  HacocaM . .  •  •  • 

27-34 

SanacHbie  qacTU  k  ofiopy^^OBaHUK)  xojio^jibHOMy, 
KOMnpeccopHOMy,  nojiyuemm  h  xpaaeimH  rasoB, 

BefiTHJiJiuHOHHOMy  H  rasocBapoMiiOMy . 

27-35 

3anacHbie  wacxH  k  oGopy^OBaHHio  xHMHwecKo- 
My  . . . 

27-36 

SanacHbie  qaciii  k  oCopy^oBauHto  no.JiHrpacl)H- 

necKOH  npoMbiiujieiiHOCTH . 

27-37 

SanacHbie  nacrn  k  apMaxype  Tpy6onpoB05HOH 
npoMbimjTenHOCXH,  cy^oBon  11  canHxapHO-xexHiiqe- 

CKOH . 

27-38 

Key  to  appendix:  1  —  materials,  purchased  items,  type  of  job  performed; 

2  —  price  list  number;  3  —  wholesale  prices;  4  —  pig  iron  and  ferroalloys 
5  —  standard-quality  steel;  6  —  grade  steel;  7  —  steel  and  cast  iron 
pipe;  8  —  industrial  metal  products;  9  —  scrap  and  ferrous  metal  waste 
(procurement  and  wholesale  prices);  10  —  nonferrous  metals,  alloys  and 
powders;  11  —  hard  alloys  and  items  of  hard  alloys;  12  —  electrodes;  13  — 
rolled-drawn  and  pressworked  items  of  nonferrous  metals  and  alloys;  14  — 
refined  petroleum  products  (industrial  wholesale  prices);  15  —  natural  gas, 
casing-head  gas,  gas  from  petroleum  refining,  synthetic  gas,  coke  gas. 
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(Key  to  Appendix  1  on  preceding  pages,  cont'd)  blast-furnace  gas,  and  gas 
from  chemical  fuel  refining  (industrial  wholesale  prices  and  enterprise 
wholesale  prices);  16  —  chemical  products;  17  —  synthetic  dyes  and  inter¬ 
mediate  products  for  dyes;  18  —  parts  and  items  for  the  automotive  and 
tractor  industry  and  plastic  pipe  and  tubes;  19  —  paints  and  varnishes 
20  —  conveyer  belts  and  rubberized  belts;  21  —  tire  industry  products; 

22  —  industrial  rubber  parts  and  products;  23  —  chemical  reagents  and 
preparations;  24  —  tire  industry  products  (uniform  wholesale  prices); 

25  ~  cement;  26  ~  glass  and  fiberglass  products;  27  —  prefabricated  re¬ 
inforced  concrete  products;  28  —  metal  crating  and  packaging  materials; 

29  —  rates  on  electricity  and  heat  produced  in  the  power  systems  and  at  the 
power  generating  stations  of  the  USSR  Ministry  of  Power  Engineering  and 
Electrification;  30  —  rail  freight  rates  (Ministry  of  Railroads  Rate 
Guide  No  1);  31  —  motor  transport  freight  rates;  32  —  medium  and  low-power 
electrical  machines;  33  —  high-power  electrical  machines,  turbogenerators, 
hydrogenerators,  and  mobile  electric  power  stations;  34  —  high-voltage 
electrical  equipment;  35  —  low-voltage  electrical  equipment.  Part  I;  36 
low-voltage  electrical  equipment.  Part  II;  37  —  complete  equipment 
packages;  38  —  transformers,  complete  transformer  substations,  reactors 
and  power  converters.  Part  I.  Transformers,  complete  transformer  substa¬ 
tions.  Part  II.  Power  converters  and  concrete  reactors;  39  —  electric 
welding  equipment,  high-frequency  converters  for  melting  and  hardening 
metals  and  gas  welding  equipment;  40  —  cable  products;  41  —  electrical 
installation  items.  Part  I.  Electrical  installation  items.  Part  II. 

Ceramic  electrical  installation  items;  42  —  storage  batteries,  batteries 
and  voltaic  cells;  43  —  radio  communications  equipment  and  general-applica¬ 
tion  radio  parts;  44  —  vacuum  tubes,  semiconductor  devices  and  lighting 
products;  45  —  wire  communications  equipment;  46  —  general-application 
electrical  measuring  instruments;  47  —  general— application  radio  electronic 
testing  equipment;  48  — —  instruments  and  machines  for  testing  materials, 
measuring  mechanical  values,  and  timing  instruments;  49  —  instruments  for 
monitoring  and  controllLng  temperature,  flow,  level,  pressure,  composition 
and  state  of  substances  in  production  processes;  50  —  computer  equipment; 

51  —  metal-cutting  machine  tools;  52  —  woodworking  equipment;  53  — 
press  forging  equipment;  54  —  foundry  equipment;  55  —  tools  and  measuring 
instruments.  Part  I.  Cutting  tools.  Part  II.  Gear-cutting  and  pull- 
broaching  cutting  tools.  Part  III.  Measuring  instruments  and  devices. 

Part  IV.  Files,  wood-cutting,  bench  tools  and  miscellaneous  tools;  56  — 
nonstandard  tools;  measuring,  cutting,  construction,  benchwork,  etc;  57  — 
abrasive  materials,  abrasive  tools  and  sandpaper;  58  —  diamond  powders  and 
diamond  tools  of  natural  and  synthetic  diamonds;  59  —  hydraulic  equipment, 
pneumatic  equipment,  and  lubrication  equipment;  60  —  boilers,  turbines, 
turbine  installations  and  steam  engines;  61  —  auxiliary  boiler  and  turbine 
equipment;  62  —  materials  handling  and  transfer  equipment.  Part  I.  Cranes 
and  loading-unloading  equipment.  Part  II.  Winches  and  chains.  Part  III. 
transfer  equipment;  63  —  industrial  furnaces  and  heating  installations; 

64  —  reduction  gears  and  couplings;  65  —  rail  rolling  stock;  66  —  sea¬ 
going  vessels,  lake  and  river  self-propelled  (with  engine  exceeding  400 
horsepower)  and  nonself-propelled  (capacity  greater  than  1,000  tons)  vessels, 
marine  equipment  and  machinery.  Part  I.  Sea-going,  lake  and  river  vessels. 
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(Key  to  Appendix  1  continued  from  preceding  page)  Part  II.  Marine  equipment 
and  macMnery;  67  —  internal  combustion  engines,  diesel  generators  and  gas 
engine  compressors;  68  —  sea-going,  lake  and  river  self-propelled  (with 
engine  up  to  400  horsepower)  and  nonself-propelled  (capacity  up  to  1,000  tons) 
vessels,  marine  equipment,  machinery,  etc;  69  —  passenger  cars,  trucks, 
buses,  trolleybuses,  tractors,  trailers,  motor  scooter  trucks,  lift  trucks, 
electric  forklifts;  70  —  ball,  roller  and  articulated  bearings;  71  —  farm 
machinery;  72  —  electrical  equipment,  instruments,  fuel  equipment  and  spare 
parts  for  passenger  cars,  trucks,  motorcycles,  tractors,  and  farm  machinery; 

73  —  electrical  equipment,  instruments,  fuel  equipment  and  spare  parts  for 
cars,  trucks,  tractors  and  farm  machinery  (uniform  wholesale  prices);  74  — 
construction  machinery  and  equipment,  peat  equipment;  75  —  crushing  and 
grinding  equipment;  76  —  road  construction  tools;  77  —  pumps;  78  —  re¬ 
frigeration  and  compressor  equipment,  vacuum  pumps,  equipment  for  producing 
oxygen  and  air  separation  products,  equipment  for  storing  gases;  79  — 
chemical  equipment.  Part  I.  Standardized  chemical  equipment.  Part  II. 
Petrochemical  equipment;  80  —  printing  and  copying  equipment;  81  —  in¬ 
dustrial  and  marine  pipe  fittings.  Part  I.  Industrial  pipe  fittings. 

Part  II.  Marine  pipe  fittings;  82.  Ventilation  and  air  conditioning 
equipment;  83  —  air  filtering  and  industrial  gas  scrubbing  equipment;  84  — 
flanges,  fittings  and  auxiliary  items,  instruments  and  equipment  for  pipe¬ 
lines;  85  —  bellows;  86  —  fire-fighting  equipment  and  spare  parts;  87  -- 
passenger  car,  truck  and  tractor  standards;  88  —  items  (parts  and  assemblies) 
for  heating,  ventilating,  water  supply,  sewage,  gas  supply  systems;  89  — 
metal  hoses,  flexible  shafts,  braided  hoses  and  other  metal  hose  products; 

90  —  castings,  forgings  and  hot  stampings;  91  —  spare  parts  for 
electrical  equipment;  92  —  spare  parts  for  wire  communications  equipment; 

93  —  spare  parts  for  instruments;  94  —  spare  parts  and  standards  for 
metal-cutting  machine  tools;  95  —  spare  parts  for  woodworking  equipment; 

96  —  spare  parts  for  press  forging  and  foundry  equipment;  97  —  spare 
parts  for  cars,  trucks,  buses,  lift  trucks,  trailers  and  trolleybuses;  98  — 
spare  parts  for  tractors;  99  —  spare  parts  for  farm  machinery;  100  —  spare 
parts  for  tractors  (uniform  wholesale  prices) ;  101  —  spare  parts  for  power 
equipment;  102  —  spare  parts  for  internal  combustion  engines  and  equipment 
(other  than  automotive  and  tractor) ;  103  —  spare  parts  for  construction 
equipment  and  crushing-grinding  equipment.  Part  I.  Construction  machinery. 
Part  II.  Grinding-crushing  equipment;  104  —  spare  parts  for  materials 
handling  and  transfer  equipment;  105  —  spare  parts  for  pumps;  106  — 
spare  parts  for  refrigeration  and  compressor  equipment,  equipment  for 
generating  and  storing  gases,  ventilation  and  gas  welding  equipment;  107  — 
spare  parts  for  chemical  equipment;  108  —  spare  parts  for  printing  industry 
equipment;  109  —  spare  parts  for  pipe  and  pipeline  fittings,  marine  fit¬ 
tings  and  plumbing  fixtures 
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Maximum  Wholesale-Release  Prices  ^  on  Pig  Iron,  Cast  Irons 
(in  rubles  per  ton)* 


Bhaw  MaiepHaJia  C 


’^yay'H  2 

3  RoKcoBbift  'lyryH  JIKO-JIK5  .  78,9 — 59,5 

4  JlerHpOBaHHbiii  Myryn  JIXMl — JlXMGj  .  .  .  104,0 — 65,0 

5  THTaHOBbift  MyryH  BT/Il — BTJ15 .  61 ,2 

6  TuTanoMeflHCTbiH  qyryii  BTMJlo-BTMJIS  .  .  85,0—71,5 

^  CiiWAb  yzAepoducmaa.  odbiKHoeemaa 
(Ct.  iKn,  Ct.  Icn.  h  Ap.) 

^  KpyrAaa  AHaMeipoM  9 — 250  mm  .  110,0 — 76,4 

9  KBaAparaafl  co  cTopoHoii  KBaApara  9 — 

25Q  MM .  110,0—76,4 

lOriOAOCOBaSI  TOAUlUHOft  4 — 60  MM,  mHpUHOfl 

12-200  MM  . .  110,0-78,1 

liyrAOBaa  paBHoCoKan  pasMepoM  20x20^ 

-b250  MM  ; .  110,0-77,2 

IpyrAOBaa  HepaBiio6oKaa  pasMcpoM  25x16-!- 

-;250X160  MM .  112,0-78,0 

13BaAKH  APyTaBpoBbie  Ks  10 — 70 . ■.  103,0 — 76,9 

14lllBeAAepbi  ^9  5 — 40  .  107,0—77,5 

ISlCHKOAHCTOBaa  TO.imHHOH  AO  3,9  MM  .  .  .  134,0 — 81,5 

IbXoACTO.nHCTOBan  TOAiuHHoii  4 — 160  ,«/«  .  .  79,9—112,0 

lyuIiipoKonoAocHaa  toaiuiihoh  5—60  mm  npa 
mnpHHe  400 — 1050  mm . .  101,0 — 72,6 

18  CmaAb  HuaKoAeaupoeaHHUH  , 

(141,  16rC,  151011  H  Ap.) 

19Kpyraafl  h  KBaApatHas  pasMepoM  9 — 250  135,0 — 106,0 

20no9iocoDaa  mnpUHoft  12 — 200  mm,  toaiuh- 

Hoft  4 — 60  MM  . .  136,0 — 109,0 

llyrAOsaa  paBHoSoKaa  pasMepOM  20  x  20-!- 

-=-250x250  MM .  135,0—103,0 

12yrAOBaa  HepasHoSoKaa  pasMepoM  25x16-!- 

-T- 250X160  MM .  138,0-104,0 

13BaAKH  APyTaapoBbie  pasMepoM  JvT"  10 — 70  128,0 — 106,0 

14 ILlBBAAepbi  pasMepoM  N”  5 — 40 . '  132,0 — 105,0 

IBToHKOAHCTOBaa  ToamuHOH  AO  3,9  .  .  .  170,0 — 111,0 

' !6 XoACTOAHcToBaa  TOAmuHoii  4 — 160  mm  .  .  .  109,0 — 150,0 

17 UlapoKonoAocHaa  ToamHHoB  5 — 60  mm,  iuh- 
pHHoft  400 — 1050  MM  .  ,  ,  .  128,0 — 103,0 
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Appendix  2  (cont'd) 


21 


22 


25 


28 

29 

32 
28 

31 

33 


28 


31 


34 


28 

27 


Bmaw  MatepHaJia  2. 

c 

Cma/ib  KmecmeeHHaH  (KpyzAaa 
u  Keadpanman  KoncmpyKnuonHaa 

8—11  ;;o  260 — 300  mm) 

yrjiepoAHCTas!  KaMecTBeHHasi  . 

JlentpoBaHHaH  KaqecTBeHHas!  . 

JleriipoBaHHaa  BbicoKOKaaecTBJHHan  .... 
PeccopHO-npywHHuaa  Ka'iecTBeHHaa  .... 

PeccopHO-npyjKHHiiaa  BbicoKOKaaecTBeHHan 

Hue  Tpy  MeHTa.nbHafl ; 

yrjiepoAUCTaa . 

jierHpoBaniiaji . 

ObicTpopewymaa  . 

CiieunajibHasi  (Hep)KaBeiom.aa,  >KaponpoMHan) 
ToHKO.nHCTOBaa  TOJimiinoii  (0,5 — 0,75)  ao 
3,4  mm: 

yrJiepoAiicTaa . 

jienipoBaHHaa . ‘  . 

HHCTpyMeHTaJibHa?!  . . 

cneuHajibHa^  . 

166,0-95,0 
359,0— 111  ,0 
718,0—126,0 
264,0—122,0 
350,0—163,0 

166,0—110,0 
1580,0—141 ,0 
5730,0—1720,0 
3520,0—186,0 

214,0-113,0 

1010,0—146,0 

4960,0—159,0 

3500,0—336,0 

ToJicnio.iucmoean  moAmmoCi 

(4—4,9)  do  (62—140)  mm 

yrjiepoAHCTaa  . . 

.nerHpoBaHnaH . 

HHCTpyMenTaAbnas  .  .  .  .  . 

cnemiajibHaa . 

153,0-112,0 

504,0—133,0 

3640,0—142,0 

2280,0-170,0 

UJupoKonoAocHan  moAUfUHoO  4—60  mm,  mu- 

pUHOu  160 — 1050  MM 

yrAepoAHcraa . 

HHcTpyMeHxaAbHaJ! . .  . 

533,0—105,0 

160,0—132,0 

*  Ho  npe^cKypaHTaM  outobbix  uch  Ks  01-01,  01 
B  1966  r.  a 

-0  2,  .N"!  01-03,  H3flaHHHM 

Key  to  appendix:  1  —  types  of  material;  2  —  pig  iron;  3  —  coke  pig, 
LK0-LK5;  4  —  alloy  cast  iron,  LKhChl-LKhCh6 ;  5  —  titanium  cast  iron, 
BTL1-BTL5;  6  —  titanium-copper  cast  iron  BTML-3-BTML5 ;  7  —  common  carbon 
steel;  8  —  round,  diameter;  9  —  square,  side;  10  —  strip,  thickness 
4-60  mm,  width  12-200  mm;  11  —  equal-leg  angle;  12  —  unequal-leg  angle; 
13  —  I-beams;  14  —  channels;  15  —  sheet,  up  to  3.9  mm;  16  —  plate;  17  ■ 
wide-strip,  thickness  5-60  mm,  width  400-1,050  mm;  18  —  low-alloy  steel; 
19  —  round  and  square;  20  —  strip,  width  12-200  mm,  thickness  4-60  mm; 
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(Key  to  Appendix  2,  continued  from  preceding  page)  21  —  high-grade  steel 
(round  and  square  structural,  8-11  to  260-300  mm);  22  —  fine  carbon;  23 
fine  alloy;  24  ~  high-grade  alloy;  25  —  fine  spring;  26  ~  high-grade 
spring;  27  —  tool;  28  —  carbon;  29  —  alloy;  30  —  high-speed;  31  — 
special  (stainless,  heat-resisting);  32  —  sheet,  thickness  (0.5-0.75)  to 
3.4  mm;  33  —  plate,  thickness  (4.49)  to  (62-160)  mm;  34  —  plate,  thick¬ 
ness  4-60  mm,  width  160-1,050  mm;  *  —  according  to  wholesale  price  lists 
numbers  01-01,  01-02,  01-03,  published  in  1966. 


Appendix  3 


Wholesale  Prices  on  Castings,  in  rubles  per  ton* 
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Ho  npei^cKypanTy  or.TOBbix  uch  25-01,  HSAaHHowy  b  196G  r. 
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Appendix  3  (cont’d) 
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Appendix  3  (cont'd) 
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Appendix  3  (cont'd) 


iZi  SWH 
090v*>o 


OOOlOLOOlOOOOl/5 

oOCOii^Trrf'COCOeOCvjC^C^ 


OnHMfoif^  I 


OOOiOOiOiCOOOlC 
^"^ooc-i  t'-do 
t^COrf-^COCOCMdddd 


^lOOlOOlCtOOOlAO 

i^'^cor^dooiOTj'codd 

COlOrrCOCOdddddd 


awiDodu 


iClClOlOlOOlClOOiCO 
dCiCJOCOQOUDd— ‘'-•OC3 
OrrcOcOddddddd 


rH  SNH  lOOiOOOlOlOlClOlOO 

-HCOIfD  OQODn  ^-’^,C^<0OTf^00t^Oi;0 

^  <o  lO  Tj"  CO  CO  d  d  d  d 


Q  9iqH>K0l/-3 


t^OiOOiOiOiOlOOiOO 

OcOCOOr^Ol'^lOrfCOCO 

t^lOrJ-^COCOddddd 


aNH>KoiroDH 

00 


OlOiOOtOiCOOiOOlO 
OlOOtOrrcO—-'— 'O 
cciorrcoddddddd 


awiDodu 


OIOOOOOOOICOUO 

tOr^cOCOdddd»-««--•^ 


CO 

'®(DU3  oo 

^  -  O  JiO  CO  to  o 

S  o  ^  *  o) 


•^CN  cOCOlO 


A’-'^cdcOIO  oo 

•  *  *'  OlOcOtOO 
—  dto  —  ^ 


t-4 

ar?H 

•>KOlfO  O9ODO 


^000'5f'»-«o0l0-?j*c0c0dd’^ 

tOlOrfrrrfCOCOCOCOCOCOCOCO' 


omiHiOL*^ 

a 

CnHMCOL'naH 

00  i 


toocooh'iocod  —  ooo>a> 

lOlOTl-rfCOCOCOCOcOCOCOdd 


^o^ioomoootooioo 

lO'^cocococococoddddd 


aisioody 

r>. 


lO^OOOOOOOLOOlOO 
LOOCOCO  —  OOoOh'COtDlOtO 
-^rj-cOCOCOCOddddddd 


^  _  O  O  0) 

CO  Qj  rvi, 

o  ooog^ooos^ 

—  LOOCXDdO'^^'OJQ^  O  ^ 

dt-.-*cot> — ^  CO  Tf  i=;  —  VO 

CJ  00 

^  00000 

ooo2^^^® 

dOiOOoOC'JO'^ODLOQ^ 

—  d  cor>-»— co^*-*^ 


144 


Appendix  3  (cont*d) 
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Key  to  appendix;  1  —  weight  of  casting,  kg;  2  —  casting  material;  3  — 
gray  cast  iron;  4  —  high-strength  cast  iron;  5  —  carbon  steel;  6  —  com¬ 
plexity  group;  7  —  simple;  8  —  uncomplex;  9  —  medium  complexity;  10  — 
complex;  11  —  highly  complex;  12  —  up  to;  13  —  from...  to;  14  —  alloy 
structural  steel;  15  —  aluminum  alloys;  16  —  copper-zinc  alloys;  17  — 
and  more;  18  —  wholesale  prices  on  smith  forgings  and  hot  stampings,  in 
rubles  per  ton;  19  —  weight  of  forging,  kg;  20  —  forging  material;  21  — 
steel;  22  —  high-quality  carbon  steel;  23  —  weight  of  stamping,  kg;  24  — 
stamping  material;  *  —  according  to  wholesale  price  list  25-01,  published 
in  1966 
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Appendix  4 


Average  Procurement  Price  Cq  Per  Unit  of  Waste  by  Weight,  in  rubles  per  kg* 


HaiiMeHOBaHiie  BHfla  otxoaob  1 

CrpyiKKa:  2 

CTajibHaa  Burasi' .  .3 . 

CTajibHas!  MejiKaa  .4 . . 

CTajibiias!  n  ByrynHas  A-nsi  AOMeiiiiMX  nenefi  .5- 

CTa.ibHaa  jiernpoBaHnaa  .6 . 

Aji'.oMHHHeBbie  cnMBbi:  7 

B  KycKax  . 8^ . 

cTpy^Ka . 9 . 

MeAbi  10 

B  KycKax  .  .  8  . 

cTpyjKKa  ...  9 . .  . . 

Bponaa:  H 

OJIOBBHHCTaa  ....  J.2  .  . . 

CBHHUOBHCTaJI . 13 . 

JlaiyHb;  14 

B  KycKax  . 8  . 

CTpyjKKa . 9 . 

IhiMK  .15 . 

L6  C.Mecb  AsyxH.iH  6oJiee  UBerabix  MeTa.n.noB,  cnjiasoB 
L7  CipywKa  5Kapoiipo>iHoii  cTa.ni  (3ii435  hjim  3H437) 
L8  CTpy>KKa  iKaponpoMHaa  cMeiuaHHaa  .  . 

*  Ho  npeiicKypaHTaM  onTOBwx  uea  01*08  (  190(3  r. )  h  02 

0,0188 

0,0232 

0,0171 

0,050 

0,328 

0 ,241 

0,613 

0,504 

0,767 

0,355 

0,512 

0,404 

0,213 

0,184 

2 ,670 

0,500 

-05  (10C(i  r.) 

Key  to  appendix:  1  —  type  of  waste;  2  —  chips;  3  —  steel,  continuous 
spiral;  4  —  fine  steel;  5  —  steel  and  cast  iron  for  blast  furnaces;  6  — 
alloy  steel;  7  —  aluminum  alloys;  8  —  in  pieces;  9  —  chips;  10  —  copper; 
11  —  bronze;  12  —  tin;  13  —  copper-lead  alloy;  14  —  brass;  15  —  zinc; 

16  —  mix  of  two  or  more  nonferrous  metals,  alloys;  17  —  heat-resisting 
steel  chips  (EI435  or  EI437);  18  —  heat-resisting  mixed  chips;  *  —  ac¬ 
cording  to  wholesale  price  lists  01-08  (1966)  and  02-05  (1966) 


Appendix  5 


Hourly  Wage  Rates  in  Rubles  for  Machine  Building  and  Metalworking  Industry 
Workers 


1 

^2 

Fpynna 

3 

PaspHAw 

yc.TODiiH  Tpy;;a  ii  on.naju 

npcA- 

npHH- 

THil 

I 

II 

III 

IV 

V 

VI 

noBpeMeHno,  xoJio,^Hbie 
paGoTbi  A . 

1 

0,275 

0,311 

0,355 

0  407 

■ 

0.473 

0,550 

2 

0,263 

0,297 

0,33 

0  339 

0,452 

0,526 

CflejibHo,  xojioAHbie  pa- 
SoTbi;  noBpeMeHHO,  rops- 
BHe  H  TB/Kejibie  padoTu  5. 

1 

0,320 

0,362 

0,413 

0  474 

0,550 

0,640 

2 

0 ,305 

0,345 

0,395 

0,451 

0,525 

0,610 
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Appendix  5  (cont’d) 


1 

Ipynna 

3 

PaspsiAbi 

ycJioBHs  TpyAa  h  onjiara 

npeA- 

npHfl- 

THfi 

I 

II 

III 

IV 

V 

VI 

C;iemHO,  ropamie  ii  Ta- 

JKenwe  pafioTbi;  noBpeMen- 
HO,  oco6o  TsiKejibie  pa6o- 

TbI  ....  6 . 

1 

0,367 

0,415 

0,478 

0,548 

0,631 

0,734 

2 

0,350 

0,395 

0,451 

0,516 

0,602 

0,700 

CflejibHO,  oco6o  THwe- 

jibie  pa6oTbi  .7 . 

1 

0,390 

0,441 

0,503 

0,577 

0,671 

0,780 

2 

0,378 

0,427 

0,488 

0 ,55s 

0,650 

0,756 

TapH(J)Hbie 

TH  . . 8  •  •  •  • 

— 

1,00 

1,13 

1,29 

1,48 

1,72 

2,00 

n  p  H  M  e  H  a  H  H  e.  K  nepeoft  rpynne  npeanpuHTHH  othocstcji  npcAnpHH- 
THfl  aBHaiiHOHHOft,  aBTOM06H.TbHOri,  HIlCTpVMeHTa.flbHOft.  oCopoHHof’i.  noAUinnHit- 
KOBOft.  paAKOTeXHHqeCKOft.  CTailKOCTPOUTevlbUOfi.  CVAOCTDO»Te;ibHOri,  TpaKTOp- 
Hoft,  a.ieKTpoTexuH'iecKoii  npoMhiiuiiemiocTH.  TpaiicnopTuoro  h  ce.TbCK0X03HA- 
cTBeHHoro  MaunmocTpoeniifi,  npHCopocTpoenun.  no  npon3Boa.CTBy  o6opvAOBa- 
HUH  ropHopvAnoft.  MeTaA.nypru'tecKOfi.  iie6Tera30A06biBaf0Lncrf,  xiiMii'ie- 

cKoft  H  TopcfinHori  npOMLHiMeHnocTH.  a  TaKJKe  no  npojisBOACTBy  Oypoooro, 
HacocHO'KOMnpeccopnoro  h  xoAOAH;ibHoro  oOopyAOBaiiHH. 


Key  to  appendix;  1  — working  conditions  and  terms  of  remuneration;  2  — 
enterprise  group;  3  —  categories;  4  —  hourly  wage,  cold  jobs;  5  —  piece- 
rate,  cold  jobs;  hourly  wage,  hot  and  heavy  jobs;  6  —  piece-rate,  hot  and 
heavy  jobs;  hourly  wage,  extremely  heavy  jobs;  7  —  piece  rate,  extremely 
heavy  jobs;  8  —  wage  rate  factors;  note;  the  first  enterprise  group  in¬ 
cludes  enterprises  in  the  aircraft,  automotive,  tool,  defense,  bearing,  radio 
equipment,  machine  tool,  shipbuilding,  tractor,  and  electrical  equipment  in¬ 
dustries,  transport  and  agricultural  machine  building,  instrument  engineer¬ 
ing,  manufacture  of  equipment  for  the  mining,  metallurgical,  petroleum 
production,  chemical  and  peat  industries,  as  well  as  production  of  drilling, 
pump-compressor  and  refrigeration  equipment 


Appendix  6 


Average  Machine-Factor  Values,  by  Equipment  Groups 


rpynna  oCopyAOBaHHH  ^ 

2 

KpaTKan  xexHaqecKaH  xapaxTepHCTHKa 

CTaHKH:  3 

4  TOKapHO-BHHTOpeSHbie 

Bucora  uempoB  b  mm:  5 

(6)  AO  200 

0,95 

201—300 

1,27 

301—400 

1,56 

401—500 

3,00 

501—600 

3,46 
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Appendix  6  (cont'd) 


rpynnn  ofiopyAonaHHa 


KpaTKas  lexHOTecKaa  xapaKiepHCTHKa 


7  TOKapHo-KapycejibHbie 


9TOKapHbie 

UOBbie 

MaTbi 


MHoropea- 

noayaBTo- 


/IiiaMeTp  njiamuaiidbi  b  mm'. 

AO  1120 

1121—1400 

1401—2000 

2251—2800 

3080—4000 

Bbicora  uempoB  b  mm:  5 
flo  150 

(10)CBbime  150  (ao  200) 
i  j  200  (AO  250) 


TOKa  pHO  -peBOJibBep  - 
iibie  11 


BepTHKa  jihHo-cBep  - 
JIHJIbHbie  1^ 


ropH30HTaAbHO-pac- 
TOMHbie  16 


18  KpyrjioiBAH())OBajibHbie 


19  naocKoiujiH^ioBa.iibHbie 


22  ayOooSpaCaTbiBatomne 


ilHaMCTp  o6pa6aTb)BaeMbix  HaAC" 
jiHii  B  mm:  12 
18—36 
37—65 

OT  66 

06pa6oTKa  iiaAeJiHii  b  narpoHe 
500  MM  13 

HaH6o.'ibuJHH  AnaMCTp  CBepjia  b 

mm:  15 
12 

13—35 
36—75 
76-100 
CBbime  100 

HiiaMerp  BbiABH>KHoro  mnHHAe- 

jia  B  mm:  17 
80 

81-110 

111—150 

150-175 

176—200 

Bbicora  uenTpoB  b  mm:  5 

flo  100 
101—200 
201—275 
276—375 
376  H  Bbiiue 

PasMepu  rOTHSoHTajibHoro  croaa 
B  mm:  20 

Ho  1000x  300"! 

I  Or  1000  x  300  Ao  2000x400 

I  »  2000X400  »  2000x800 

4000x1150 

HHaMerp  KpyrAoro  crojia  b  aim: 
400—750  (  21) 

751—1000 

SyOatipeaepiibie  c  naHOoabtuHM 
(23^naMeTpoM  o6pa6oTKH  b  mm: 
or  750  AO  1250 
»  1250  AO  1600 
SyOoAOJiOewHbie  c  HaHSoJibuiHM 
AHaMerpQW  o6pa6oTKH  HSACJiHa 
B  mm:  24 
500 

or  500  AO  1 250 
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Appendix  6  (cont'd) 


1 

2 

rpynna  oCopyAosaHHa 

KpaTKan  TexiitmecKan  xapaKiepHCTiiKa 

223y6oo6pa6aTbiBa;ouuie 

3y6ouiJin4)OBajibHbie  c  nan6o;ib- 

lUHM  AnaMeTpoM  o6pa6aTbiBae- 
Moro  H3Ae;iHH  ^  mm:  25 

320 

700—800 

OT  800  H  Bbime 

2,58 

3,6 

7.8 

SyOocTpora.ibHbie  c  HaHOojibuiHM 

flHaMCTpoM  o6pa6aTbiBaeMoro 
H3Ae/iHfl  B  mm:  26 

120 

1,4 

,  450—600 

1,91 

CBbime  600 

3,03 

PaOoHaa  noBepxHOcTb  cTojia  b 

mm:  27 

ropH30HTajibH0-({)pe- 

1000x250 

1,14 

aepHue  28 

Or  1250x300  ao  1600x400 

1,52 

BepTHKajibHo-(j)pe3ep- 

Ao  1000x250 

1.1 

Hbie  29 

Or  1000x250  flo  1250x300 

1,46 

»  1250X  300  »  1600x400 

1,76 

»  1600  X  400  »  2000X800 

1,95 

CBUtue  2000x800 

5,51 

yHHBepcajibHo-tpeaep  - 

Pa6oHaa  noBepxHOCTb  ctoab  b 

Hbie  30 

mm:  27 

Mo  1000x250 

1,15 

Or  1000x250  ao  1250x300 

1,2 

»  1250X  300  »  1600X400 

1,48 

npoAOJibHO  -cTporajib  - 

»  3000X  900  »  4000x1250 

5,0 

Hbie  31 

»  4000x1250  »  6000x2500 

6,3 

»  8000x2400 

9,01 

nonepetiHO-cTporajib- 

Hbie  32 

HanfioAbuiHii  xoA  noAsyaakB  mm: 

.  Mo  700  (33; 

1,05 

SOJi6ewHb!e 

Or  700  AO  900 

XoA  AOAOjienHfl  b  mm:  35 

1,29 

Mo  200 

1.1 

Or  200  AO  320 

1,39 

ropH30HTajibHo-npo- 
Tfl>KHbie  36 

MaKcHMajibHP&  ycHJUie  Ha  mroKe 

B  m;  3  /  - 

71o20 

3,01 

ToHHJia  aaToiHue;  38 

or  20  AO  40 

6,59 

0,1 

SJifl  CBepji  39 

0,2 

peauoB  40 

0,5— 1.0 

ymiBepcajibHbie  41 
MojIOTbl  HHeBMaTHie- 
CKHe  KOBO'IHbie 

Bee  naAatoiuHX  nacreft  b  kb:  43 

0,4 

Ao  150 

1,5 

400—750 

5,31 

750—1000 

6,05 

Cb.  1500 

21,75 
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Appendix  6  (cont’d) 


rpynna  ofiopyAOBanHS  KpaxKaH  ToxHiiMecKasi  xapaKTepucTHwa 


ripeccbi  MexaHHqecKHe  ^ 


r0pH30HTa.abII0-K  OBOq - 
HLie  MauiHHU  46 


rHJIhOTHHHbie  HOJKHHIlbl 

47 


SjieKTponemi  conponiB- 
MH  TepMooSpadoT- 

kh;  49 

KawepHbie  51 


rHflpaBaH'iecKHe  npeccw 
aaa  npeccoBKH  njiacTwacc 

53 


JIiiTbeBbie  Mam^bi  ajia 
onacTMacc 


Berynu  CMemiiBaiomne 
c  BepTHKaafaHO-Bpaiuaio- 
muMHca  KriTKaMH  57 

OopMOBOBHbie  MaiUHHbl 
BcTpaxHBaroiuiie  59 


MaKCHMajibHoe  ycH;ine  b  m:  45 

25—50 

100—160 

160—250 

400—630 

2000—2500 

MaKCHMajibHoe  ycnjijie  b  m:  45 
100 

100—250 

250—630 

630—800 

Toammia  paapsaaeMoro  jmcra  b 

mm:  48 
Ho  3 
»  6,3 
»  10 
j>  16 

MouiHocTb  B  Kent:  5q 


Ho  15 
16-30 
31—45 
46—60 
61-75 
Ho  24 
25-34 

VciMHe  ao:  54 

50 

51—100 
oT  100  ao  160 
»  160  »  250 
Bee  aeTajieft  b  a:  55 
Ho  100 
OT  100  ao  125 
Ho  5000 

HiiaMeTp  KaTK-a  h  naum  b  mm:5S 
Ho  800x  1700 
Or  800x1700  ao  900x2400 
CBbiiiii  900x2400 
HHaMetp  BCTpaxHBaiomero  pH- 
JHiiiapa  B  mm:  60 
Ho  100 
OT  100  ao  250 
»  250  »  330 
»  330  »  550 


Key  to  appendix:  1  —  equipment  group;  2  —  brief  technical  description; 

3  —  machine  tools;  4  —  screw-cutting  lathes;  5  —  swing,  mm;  6  —  up  to 
7  —  vertical  boring  and  turning  mills;  8  —  chuck  diameter,  mm;  9  — 
semiautomatic  gang  lathes;  10  —  greater  than;  11  —  turret  lathes; 
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(Key  to  Appendix  6  continued  from  preceding  page)  12  —  workpiece  diameter; 

13  —  turning  workpiece  in  500  mm  chuck;  14  --  vertical  drilling  machine; 

15  —  maximum  drill  diameter,  mm;  16  —  horizontal  boring  machines;  17  — 
diameter  of  sliding  spindle,  mm;  18  —  cylindrical  grinder;  19  —  surface 
grinders;  20  —  dimensions  of  horizontal  table,  mm;  21  —  diameter  of 
round  table,  mm;  22  —  gear-machining  units;  23  —  gear-milling  machines 
with  maximum  milling  diameter,  mm;  24  —  gear-shaping  machines  with  maximum 
machining  diameter,  mm;  25  —  gear-grinding  machines  with  maximum  workpiece 
diameter,  mm;  26  —  gear-shaving  machines,  with  maximum  workpiece  diameter, 
mm;  27  —  table  working  surface,  mm;  28  —  horizontal  milling  machines;  29  — 
vertical  milling  machines;  30  —  universal  milling  machines;  31  —  planing 
machines;  32  —  shaping  machines;  33  —  maximum  slide  stroke,  mm;  34  — 
slotting  machines;  35  —  slotting  stroke,  mm;  36  —  horizontal  pull-broach¬ 
ing  machines;  37  —  maximum  force  on  rod,  tons;  38  —  grinding  wheels;  39  — 
for  drills;  40  —  for  cutting  tools;  41  —  general-purpose;  42  —  pneumatic 
forging  hammers;  43  —  weight  of  falling  parts,  kg;  44  —  power  presses; 

45  —  maximum  force,  tons;  46  —  hot-forging  machines;  47  —  squaring 
shears;  48  —  thickness  of  c  u  t  sheet,  mm;  49  —  resistance  furnaces  for 
heat  treatment;  50  —  output,  kw;  51  —  box;  52  —  shaft;  53  —  hydraulic 
presses  for  pressing  plastics;  54  —  force  to;  55  —  casting  machines  for 
plastics;  56  —  weight  of  castings,  g;  57  —  mixing  machines  with  vertically- 
rotating  rollers;  58  —  roller  and  mill  diameter,  cm;  59  —  jolt-squeezer 
molding  machines;  60  —  diameter  of  jolt-squeezing  cylinder,  mm 


Appendix  7 


Average  Cost  Per  Hour  of  Cutting  Tool  Operation 

HaHMeHoaaiiHe  imcTpyMCHTa  1 


CpeflHuft  pasMep 
B  MM  2 


.7 


Peaufai:  4 

npoxoflHbie  6bicTpope>KyuiHe 

TsepAocn.naBHhie . 

({jacoHHfaie  npii3MaTHqecKHe 

Kpyr/ibie  ({)acon  iue  .8 . 

<t)pe3bi:  9 

^HCKOBbie  uejibHfaie  10 . 

AHCKOBbie  c6opHbie  .  11  .  .  . 

^epBaqHfaIe  iiejibHbie  .  .  .12  .  . 

aepBaanbie  cfiopubie  ....  13. 

pe3b6oBbie  .  .  .14 . 

KOHueBbie . 15-  •  •  • 

lujiHueBue . 16  •  •  • 

mnoHoqHbie  .  .  . 17.  . 

Opesbi-nujibi . -  .  18. 

ripoTawKH  Kpyr.nbie  .19 . 

Csepjia  CBHpa.ibHbie  c  u,HJiHHapnMecKHM 

XBOCTOM  .  .  . 20  .  .  . 

To  JKe  C  KOHyCHbIM  XBOCTOM  21.  • 

To  jKe  . . 

SeHKepu  6bicTpope>KymHe  .  23.  . 

To  . . .22 

SeHKepu  TBepflocnjiasMbie  .  24  •  • 

PasBepTKH  6bicTpopeH{ymHe  .  .25 
PasBepTKH  fibicTpopejKymiie 
heKOBKH  TBepsocHJiaBHue 
MeiHHKH  6bicTpope>KymHe 

To  5Ke . 22 

riJiauiKH  KpyTvTbie  k  pe3b6oHape3HUM 
roTOBKaw  .  .  . .28  .  , 

Ho.n6HKii . 29 


•25 


26; 


27 


CtOHMOCTh 
B  Kon. 2 


15X25X150 
15x25x150 
120x90 
0  75 

0  130x25 
0  175x25 
M-3 
M-6 

0  75X40 
0  30 
0  40—50 
B=10— 12 
0  175x4 
0  30—35 

0  10 
0  20 
0  >20 
0  20 
0  >20 
0  >  35 
0  20 
0  >20 
0  50 
0  20 
0  >  20 

naipoH  1"(30|) 
aepHOBan  o6pa- 
_ 6pTKa 


3.3 
5,0 
6,2 

4.4 

11,2 

12.3 
28,5 
28,5 
15,2 

9.3 

45.4 
23,0 

8,2 

30.5 

7.8 

8,0 

10.3 
4,6 
7,2 
9,0 
7,8 

12.8 

10.6 
8,0 
13,0 

15,0 

35,0 
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Key  to  Appendix  7  on  preceding  page:  1  —  tool;  2  —  average  dimensions,  mm; 
3  —  cost,  kopecks;  4  —  latke  tools;  5  —  kiglu-speed ;  6  —  hard-alloy;  7  — 
knife-edge  forming  tools;  8  —  round  forming  tools;  9  —  milling  cutters; 

10  —  face-and-side  solid-type  cutters;  11  —  face-and-side  inserted-blade 
cutters;  12  —  inserted-blade  hob  cutters;  14  —  thread  cutters;  15  — 
shank  cutters;  16  —  slot  cutters;  17  —  spline  cutters;  18  —  milling 
cutter-saws;  19  —  round  pull  broaches;  20  —  straight-shank  twist  drills; 

21  —  tapered-shank  twist  drills;  22  —  same;  23  —  high-speed  counter¬ 
bores;  24  —  hard-alloy  counterbores;  25  —  high-speed  reamers;  26  —  hard 
alloy  spotfacers;  27  —  high-speed  taps;  28  —  round  threading  dies;  29  — 
gear-shaper  cutters;  30  —  chuck;  31  —  rough  machining 


Appendix  8 


Values  of  kpnif  Factor 


Koa4)4JHUHeHT 
HCn0/Ib30Ba- 
HHH  aJieKTpO- 
ABHraTeiiH  no 
moihhocth]_ 

Ko3(t).'|)nmieHT  Hcn0.ib3OBaiiHa  ajieKTpoaBHraTCJia  no  BpcMeHH  ^ 

0,30 

0,35 

0,40 

0,45 

0,50 

0,55 

0,60 

0, 65 

0,70 

0,75 

0,80 

0,85 

0,35 

0,40 

0,45 

0,50 

0,12 

0,13 

0,15 

0,17 

0,14 

0,15 

0,17 

0,19 

0,15 

0,18 

0,20 

0,22 

0,17 

0,20 

0,22 

0,25 

0,19 

0,22 

0,25 

0,28 

0,21 

0,24 

0,27 

0,31 

0,23 

0,27 

0,30 

0,33 

0,25 

0,29 

0,32 

0,36 

0,27 

0,31 

0,35 

0,39 

0,29 

0,33 

0,37 

0,42 

0,31 

0,36 

0,40 

0,44 

0,33 

0,38 

0,42 

0,47 

K03(tK|)HUHeHl 
HcnojibaoDa- 
HHfl  SJieKTpO- 
ABHraieJiH  no 

1  MOmHOCTH 

2  Ko3!ln|)H4HeHT  Hcno,nb30BaHHa 

BfleKTpoflBHraTBaa  no  BpeMBHH  | 

0,30 

0,35 

0,40 

0,45 

0,50 

0.55 

0,00 

0,65 

0,70 

0,75 

0,80 

0,85 

0,55 

0,18 

0,21 

0,24 

0,27 

0,31 

0,33 

0,36 

0,40 

0,43 

0,46 

0,49 

0,52 

0,60 

0,20 

0,23 

0,27 

0,30 

0,33 

0,37 

0,40 

0,43 

0,47 

0,50 

0,53 

0,57 

0,65 

0,22 

0,25 

0,29 

0,33 

0,36 

0,40 

0,43 

0,47 

0,51 

0,54 

0,58 

0,61 

0,70 

0,23 

0,27 

0,31 

0,35 

0,39 

0,43 

0,47 

0,51 

0,54 

0,58 

0,62 

0,66 

0,75 

0,25 

0,29 

0,33 

0,37 

0,42 

0,46 

0,50 

0,54 

0,58 

0,62 

0,67 

0,71 

0,80 

0,27 

0,31 

0,35 

0,40 

0,44 

0,49 

0,53 

0,58 

0,62 

0,67 

0,71 

0,76 

Key  to  appendix:  1  —  electric  motor  utilization  factor,  output;  2  — 
electric  motor  utilization  factor,  time 
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Appendix  9 


Hourly  Outlays  on  Industrial  Process  Electric  Power 


HaHMCHOBaHHe  o6opy;ioBaHi!a 


MemoAAopeoKymee  odopydoemue  ^ 

3.neKTpoABHraTejiH  MerajijiopesiyinHx  CTaHKOB  .  ^  . 

3jieKTpojiBHraTe.nH  asTOMaTOB,  nojiyaBToMaroB,  pesojibBep- 
Hbix,  pe3b6o;{ipe3epHfaix,  3y6o4>pe3epHbix,  !ipoTH>KHbix,  a  TaK- 
}Ke  KpyriHbix  cTaHKos:  TOKapubix,  ^peaepnbix,  KapycejibHUx 
paCTOBHblX  H  T.  n.  S . 

Kysnenm-npeccoeoe  oSopydoeanue  6 

MojIOTbl  H  KOBOMHWe  MauilIHbl  .7 . 

Hpoiee  ofiopy^OBaHne  KyaHenHO-tipeccoBux  uexoB  .  g  .  . 

JlunieitHoe  odopydoeamie  9 

Bee  o6opyaoB3HHe,  KpoMe  sJieBaTopoB  h  TpaHcnopTepoBlO 
3;ieBaTopbi  h  Tpancnoprepbi  .  .  .  H . 

riodieMHO-mpaHcnopniHoe  odopydoeaHue 
Kpanhi,  Tejibtfepbi  FIB  25%  .  .  .13 . 


(OB 


BpeM5i  pa6oTbi  MexamisMa  n  Te>ieHne  uHKjial^ 


XlOO) 


riojiHoe  BpeMH  u.nK.na  15 

dAeKmpoceapoHHoe,  nennoe  odopvdoeanue,  yemanosKJ^^ 
TB^ 

SaeKTponeBH  conpoTHBjienna,  AyroBue  sjieKiponeBH, 
3.neKTponeMH-BaHHbi,  cyuiHjibHbie  iiiKa(Jibi,  HarpeBaTe.abHbie 
npii6opb!,  HMAyKBiioHHbie  nemi  hhskoh  qacToTbi  .  XI  .  . 

CsapoBHue  MaiiiHHu  uioDHue,  ToaHC^opMaTopbi  n  npeo6 
paaoBaiejiH  CBapoMnue . lo . , 

To'ie'iHbie  H  CTbiKOBbie  CBapomiue  MaiuHHbi  .  19.  ... 

BbicoKO'iacTOTiibie  ycraHOBKH . 20  .  . 

CaapoiiHbie  TpanofiopMaTopbi  h  npeodpasoBare.™,  paOoTaio 
mne  b  nape  c  aBTOMaraMii  h  iioayaBTOMaTaMH  .  .  .  Z1 . 


B  Kon.z 


0,34/Vv 


0,42A^„ 


OfiSNy, 

0,42A'y 

0,68iV. 

o.ssiv; 


0,l7A^y 

OMNy 


l,36A'y 

0,59A^v 
1  ,02Ny 
1 ,36Ny 

0,85A/y 


Key  to  appendix:  1  —  equipment;  2  —  in  kopecks;  3  —  metal-cutting  equipment; 
4  —  metal-cutting  machine  tool  electric  motors;  5  —  electric  motors  of  auto¬ 
mated  and  semiautomated  machine  tools,  turret  lathes,  thread-milling  machines, 
gear-milling  machines,  pull-broaching  machines  as  well  as  large  machine  tools: 
lathes,  milling  machines,  vertical  turning  and  boring  mills,  boring  machines, 
etc;  6  —  press  forging  equipment;  7  —  hammers  and  forging  machines;  8  - 
other  press  forging  shop  equipment;  9  —  foundry  equipment;  10  —  all  equip¬ 
ment  other  than  hoist  and  conveyer  equipment;  11  —  hoist  and  conveyer  equip¬ 
ment;  12  —  materials  handling  equipment;  13  —  cranes,  telphers;  14  —  equip¬ 
ment  operating  time  during  cycle;  15  —  total  cycle  time;  16  —  electric 
welding,  furnace  equipment,  high-frequency  current  equipment;  17  —  resistance 
furnaces,  arc  furnaces;  electrolytic  furnaces,  drying  stoves,  heating  devices, 
low-frequency  induction  furnaces;  18  —  seam  welding  machines,  welding  trans¬ 
formers  and  converters;  19  —  spot  and  butt  welding  machines;  20  —  high- 
frequency  equipment;  21  —  welding  transformers  and  converters  coupled  with 
automated  and  semiautomated  units 


153 


Appendix  10 


Formulas  for  Calculating  Item  Hourly  Outlays  R 


HaHMWioBaHHe  o6opyAOBaHH« 


Rif  B  Kon. 


MemaAAopeoicyui,ee 

yHHBepcajibHwe  h  cneuHajibHbie  jierKiie  h  cpea- 
HHe  cTaHKH  BecoM  no  10  m,  pa6oTaioiu,He  ne 
c  aSpasHBHbiM  KHCTpyMeHTOM:  4 

5  TOKapHbiJ,  cBepjiHJibubie,  (JjpeaepHwe  h  t.  n- 

g  aBTOMatbi  H  nojiyaBTOMara . 

j  pe3b6o^pe3epHbie,  3y6oi)pe3epHbie  h  npo- 

. . 

To  we,  pafioraiomHe  a6pa3HBHbiM  HHCTpyMeH- 
TOM  . . 

yHHBepcaabHhie  h  cnetwajibiibie  KpynHbie  H 
:  Taweahie  cTaaKH  bbcom  10 — 100  m,  paCoTaro- 
mae  c  Hea6pa3HBHhiM  HHCTpyMeHTOM:  y 

5  TOKapHbie,  cBepjiHJibHbie,  4)pe3epHbie  n  x.  n- 

6  aBTOMaxbt  h  no.xyaBTOMaxbi . 

7  pe3b6o!})pe3epHfaie,  3y6o$pe3epHue  h  npo- 

xawHbie . . . 

To  we,  pa6oTaiomHe  c  aSpasHBHUM  HHCxpy- 

MeaxoM  .10 . . 

Oco6o  xawejibie  h  yniiKa.xbHbie  cxaHKH  b  !com 

cBbime  100  ni  11  .  . . 

ArperaxHbie  cxaHKH  l2 . 

Kysnemo-npeccoeoe  l3 

Monoxbi  c  BecoM  nanaromux  aacxcH  no 
150  Ka,  KOBOMHbie  MatuHHU  ycHaiieM  no  1000  tn 
Monoxbi  c  BecoM  nanaiomux  aacxefi  CBbime 
150  KB,  KOBOHHbie  MaUJHHbl  yCHJIHeM  CBbime 

1000  m  . 

KysHemio-npeccoDbie  aBxoMaxbi . 

ripeccbi  pa3Hbie; 

ycHaiieM  no  300  m  h  (jipHKUHOHHue  CBbi¬ 
me  300  ni . 

ycHJiHeM  300 — 600  m . 

CBbime  600  m  2.0 . .  .  • 

ripeccbi  ranpaBjiHaecKHe:  21 
ycHJiHeM  no  1000  m  .  .  22-  .  -  •  •  • 

CBbime  1000  m . 23  •  •  •  • 

rH6oaHbie  MamHHbi  .24  •  . . 

HowHHUbi  pa3Hbie . 25 . 

JIurneuHoe  aeMAenpueonweumeAbHoe  26 


BeryHbi,  xpaHcnOTxepu  n^H  ropaaeA  (jiopMO- 

BOHHoA  CMeCH  .  .Ij  ...  . . 

PuxjiHxejiH  H  CHxa  .  .  2.8 . . 


0.54^.„  +  0,4^^ 
0,73/?„4-0,4;?3 

0,69;?.„  +  0,4«3 

Q,5m,c  +  0,^R^ 


0,65/?,, +  0,4/?^ 
0,83/?,,  +  0,4/?3 

0,79/?„-f  0,4/?, 

0,7/?,,+  0.7^b 

0,76/?„-t-0,5/?, 
0,68/?;„  +  0,4/?, 


/?,„-f  0,78/?, 


l,31/?„-f  0,82/?., 
0,75/?;,,  + 0,41/?, 


0,82/?„  +  0 ,4 1/?  9 
/?„-!- 0,41/?, 
l,26/?.«  +  0,41/?, 

0,95/?„-f  0,41/?, 
l,25/?„  +  0,4I/?, 
0,98/?«  +  0,41/?, 
0,9/?'„  +  0,4l/?, 


3,47/?.« -t- 0,78/?, 
2,62/?.«  +  0,78/?, 
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Appendix  10  (cont*d) 


HaHMeHOBaniie  o6opyAOBaHiia 


B  Kon. 


TpaHcnopTepbi  CBe>Kei"i  ({)opMOBOMHOH  cwecH, 
noflB^cHbie  BjieBaTopw,  HanojibHue  TpaHcnop- 

lepbi  .2.9 . 


MamiiHbi  flJisi  pereHepauHH  (j)opMOBO«iHbix  H 
ctepjKHeBbix  cMecefi  .3D . 

BbiCueme  31 

BbT6iiBHbie  peiueTKH  .'32 . 

06opyfloBaniie  rnApoBbi6nBKH  CTepjKHeA, 

niApoflOMKpaTbi  ■  .  .  .  .  33  .  . . 

ripoBHe  BbiCiiBUbie  ycTpoficTBa  ...  . 

OnucniHoe  35  -- 

OBHCTHbie  rajiTOBOMHbie  6apa6aHbi  36  .  . 
UpoCeMeTHwe,  APoSecTpyHiibie  KaMepu  u 
annapaTbi  ...  3/ . 

(popMoeoHHoe  u  cmepxnesoe  38 
flJopMOBOMHbie^  ^Ma  miiHbi  rpyaonoaieMHOCTbio 

. .  4o'. 


AO  900  Ke  .  .39 


Ha- 


To  >Ke,  OT  900  AO  5000  kb 
CiepsineBbie  MamiiHbi  41 
necKOMetbi,  MaiuHHbi  necKOMeiHofl 

OllBKII  (|lOpM  . .42 . . 

■  OdopydoeaHue  Bah  aaAuBKU  43 

MauiHUbi  AJia  anTfan  noA  AaBjienHeM,  ko 
KH.nbUbie  h  ueHipoSejKHbie  MaiuHUbi,  o6opyAo 
Banne  aah  jiiiTba  b  oOojioaKOBue  (})opMbi,  o6o- 
pVAOBaHHe  AAA  jiHTbH  no  BbinAaBAfleMbiM  moab- 

AHM  ....  44 . .  .  .  .  . 


45-. 


JluTefinbie  KoiiBcfiepbi 

BarpanKH  . •’'46 

SAeKinpoceapQHHoe  47 

CBapoMHbie  Tp3iic(i)opMaTopbi,  npeoOB^OBaTe- 
AH,  aBTOMaibi  ii  noayaBTOMaTbi  ..  .9  ..  . 

CBapoMHbie  MauDiHbi  aa3  QTO'ieMHoA,  iuobhoh 
H  CTbIKOBOH  CBapKH  .  .  49 . 

y)ne'iHoe  o6opydoeaHue  u  ycmanooKU  m.  e  .h. 

KysHenHbie  n  repMHnecKHe  nenn  na  jkhakom 

H  raaooSpasHOM  TonjiHse  .51 . 

CyiuHAbHbie  neHH  na  jkhakom  h  raaooOpaa- 
HOM  TOnAHBe . 52.  . 

SAeKiponemi  conpoTHBACHKn  .  53.  .  .  .  . 
HyroBbie  B.neK-rponenn . 54  .  .  . 


1  +  0,78/?3 

2,62  + 

1,5/?;<  +  0,78/?3 
\,5Rm  +  Q,7SR, 


3,^SR^-^0,78R, 
8Rm  +  0,78R^ 


2,22/?,, 

1,36/?,, 

2,04/?.„ 

U5R^ 


1,71/?„  +  0,78/?, 
2Rm  +  0,95/?3 
110,85/?.« 


0,5/?3 

0,63/?j 


3.81/?„ 

l,59/?„ 

0 ,65/?  „  0 ,52/?j 

0,86/?;«  +  0,72/?^ 
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Appendix  10  (cont’d) 


HanMeiioBamie  o6opy;;oBaHH!i  ^ 

0 

Rn  B  Kon.  ^ 

SjieKTponeqH-BaHHbi  .  5.5 . 

VcTaHOBKH  T.  B.  n.:  56 

c  MamHHHUM  reuepaTopoM  S7  .  .  .  .  •  . 
c  jiaMnoBbiM  reHepaTopoM  .  SO'  •  •  •  * 

OMRm  +  0.53/?, 

0,65/?3 

0,76/?, 

flodbeMHo-mpaHcnopniHoe  59 

Kpanbi,  oflHopejibcoBbie  TejieacKH  n  sjieKTpu- 
>iecKne  ram:  60 

uexii  xojioflHOH  o6pa6oTKn  MerajuioB  61  . 
uexH  ropa^efl  o6pa6oTKn  Meiajuioa  6.2.  . 

0,86/?„+  0,54/?^ 
0,87/?,,  +0,94/?, 

- -  -  -  -  -  ■  - 

. . . .  . . 

Key  to  appendix:  1  —  equipment;  2  —  in  kopecks;  3  —  metal-cutting ; 4  — 
universal  and  special  light  and  medium  machine  tools  weighing  up  to  10  tons, 
not  operating  with  abrasive  points;  5  —  lathes,  drilling  machines,  milling 
machines,  etc;  6  —  automatic  and  semiautomatic  units;  7  —  thread-milling, 
gear-milling  and  pull-broaching  machines;  8  —  same,  operating  with  mounted 
abrasive  points;  9  —  universal  and  special  large  and  heavy  machine  tools 
weighing  from  10  to  100  tons,  operating  with  nonabrasive  tools;  10  —  same, 
operating  with  abrasive  points;  11  —  particularly  heavy  and  custom  machine 
tools  weighing  in  excess  of  100  tons;  12  —  gang  tools;  13  —  press  forging; 

14  —  hammers  with  dropping  parts  weighing  up  to  150  kg,  forging  machines 
with  force  up  to  1,000  tons;  15  —  hammers  with  dropping  parts  weighing  more 
than  150  kg,  forging  machines  with  force  in  excess  of  1,000  tons;  16  — 
automatic  press  forging  equipment;  17  —  various  presses;  18  —  up  to  300  tons, 
and  friction  presses  above  300  tons;  19  —  300-600  tons;  20  —  above  600  tons; 
21  —  hydraulic  presses;  22  —  to  1,000  tons;  23  —  above  1,000  tons;  24  — 
bending  machines;  25  —  various  shears;  26  —  foundry,  molding  sand  prepara¬ 
tion;  27  —  mixing  machines,  conveyers  for  hot  molding  sand;  28  —  looseners 
and  sifting  screens;  29  —  fresh  molding  sand  conveyers,  overhead  hoists, 
floor  conveyers;  30  —  machines  for  regenerating  molding  and  core  sand; 

31  —  shakeout;  32  —  shakeout  grids;  33  —  hydraulic  core-knockout  equipment, 
hydraulic  jacks;  34  —  other  shakeout  devices;  35  —  cleaning;  36  — 
tumbling  barrels;  37  —  shot-blasting  chambers  and  equipment;  38  —  molding 
and  core;  39  —  molding  machines,  capacity  to  900  kg;  40  —  same,  from  900  to 

5,000  kg;  41  —  core  machines;  42  —  sandslingers,  machines  for  sandslinging 

mold  packing;  43  —  casting  equipment;  44  —  pressure  casting  machines,  chill 
molding  and  centrifugal  casting  machines,  equipment  for  shell-mold  casting, 
equipment  for  investment  casting;  45  —  foundry  conveyers;  46  —  cupola  fur¬ 
naces;  47  —  electric  welding;  48  —  welding  transformers,  converters,  auto¬ 

matic  and  semiautomatic  equipment;  49  —  welding  machines  for  spot,  seam  and 
butt  welding;  50  —  furnace  equipment  and  high-frequency  current  installa¬ 
tions;  51  —  liquid  and  gas-fuel  forge  and  heat-treating  furnaces;  52  — 
liquid  and  gas-fueled  drying  ovens;  53  —  resistance  furnaces;  54  —  arc 
furnaces;  55  —  electrolytic  furnaces;  56 —  high-frequency  current  equip¬ 
ment;  57  —  with  mechanical  oscillator;  58  —  with  tube  oscillator;  59  — 
materials  handling;  60  —  cranes,  monorail  cars  and  electric  block  and  tackle; 
61  —  cold  metalworking  shops;  62  —  hot  metalworking  shops 
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DOCUMENT 


Key  to  Appendix  11  on  preceding  pages;  1  —  type  of  process  equipment;  2  — 
general  standard  figure  in  a,  X;  3  —  including;  4  —  for  major  repairs; 

5  —  for  full  replacement;  6  — metal-cutting  machine  tools;  7  —  universal 
and  specialized  light  and  medium  machine  tools  weighing  up  to  10  tons, 
operating  with  mounted  abrasive  points;  8  —  universal  and  specialized  light 
and  medium  machine  tools  weighing  up  to  10  tons,  operating  with  nonabrasive 
tools;  9  —  universal  and  specialized  large  and  heavy  machine  tools  weighing 
from  10  to  100  tons,  operating  with  mounted  abrasive  points;  10  —  universal 
and  specialized  large  and  heavy  machine  tools  weighing  from  10  to  100  tons,' 
operating  with  nonabrasive  tools;  11  —  particularly  heavy  and  custom 
machine  tools  weighing  in  excess  of  100  tons;  12  —  special  machine  tools 
and  gang  tools;  13  —  automated  lines;  *  —  mass  and  large-series  production; 
**  —  series  production;  ***  —  small-series  and  single-unit  production; 

14  —  casting  machines  and  equipment  (mass  and  series  production) ;  15  — 
sand  preparation  equipment;  16  —  molding  and  core  equipment;  17  —  shakeout 
equipment;  18  —  cleaning  equipment;  19  —  equipment  for  casting  in  metal 
molds;  20  —  cupola  furnaces;  21  —  note:  in  small-series  production  the 
general  standard  figure  should  be  multiplied  by  a  factor  of  0.6;  22  —  press 
forging  equipment;  23  —  light  presses  for  metalworking,  presses  for  working 
other  materials  (power  and  hydraulic  presses,  automatic  equipment,  shears 
and  straightening-bending  machines,  etc);  24  —  heavy  presses,  weighing 
more  than  30  tons;  25  —  hammers,  forging  machines;  26  —  electric  motors 
and  diesel  generators;  27  —  electric  motors;  28  —  up  to  100  kilowatts; 

29  —  greater  than  100  kilowatts;  30  —  diesel  generators;  31  —  up  to  50 
500  rpm;  32  —  500  rpm  and  higher;  33  —  compressor  equipment;  34  — 
general-purpose  piston  compressors,  pressure  to  8  atm,  output  up  to  20  m3/min; 
35  —  general-purpose  piston  compressors,  pressure  up  to  8  atm,  output  greater 
than  20  m3/min;  36  —  special  (air)  compressors,  pressure  greater  than  8  atm, 
gas  compressors,  rotary  compressors;  37  —  gas  blowers,  blast  blowers, 
turbocompressors;  38  —  mobile  compressors,  mobile  compressor  stations; 

39  —  vacuum  pumps;  40  —  note;  standard  figures  in  sections  I-V  were 
determined  on  the  basis  of  two-shift  equipment  operation.  For  three-shift 
operations  a  factor  of  1.2  is  employed,  with  one-shift  operations,  0.8; 

41  —  ventilation  equipment;  42  —  main  ventilation  systems;  43  —  partial 
ventilation  blowers;  44  —  air  collectors;  45  —  materials  handling  equip¬ 
ment;  46  —  gantry  cranes,  capacity;  47  —  up  to  15  tons;  48  —  greater  than 

15  tons;  49  —  traveling  cranes;  50  —  cantilever  cranes;  51  —  lift  trucks, 
hydraulic  lifts,  electric  forklifts;  52  —  power  loaders;  53  —  stackers; 

54  —  scraper  and  plate  conveyers;  55  —  belt  conveyers;  56  —  transportable; 
57  —  disassembling  link;  58  —  screw  and  bucket;  59  —  power  winches;  60  — 
note:  for  materials  handling  equipment  employed  at  industrial  enterprises, 
the  general  standard  depreciation  allowance  is  multiplied  by  a  factor  of 
0.6;  61  —  welding  and  gas-cutting  equipment;  62  —  transportable  welding 
equipment;  63  —  welding  transformers;  64  —  mobile;  65  —  stationary;  66  — 
heat-treatment  furnaces;  67  —  annealing  furnaces,  heating  furnaces, 
crucible  furnaces,  gas  furnaces,  etc;  68  —  communications  equipment;  69  — 
lead-in,  line  and  other  telephone  equipment;  70  —  dispatcher  communications 
intermediate  point  equipment;  71  —  telegraphy  and  phototelegraphy  equipment, 
relays  and  instruments  (two-shift  operations);  72  —  telephone  switchboards 
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(Key  to  Appendix  11,  continued)  and  dial  telephones;  73  —  television  equip¬ 
ment;  74  —  measuring  and  control  instruments  and  devices;  75  —  centralized 
dispatch  and  traffic  control  operations;  76  —  dispatcher  and  control 
monitoring  devices;  77  —  monitoring-measuring  and  test  equipment;  78  — 
laboratory  equipment  and  apparatus;  79  —  calculators  and  computers;  80  — 
other  instruments  and  devices 
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SYMBOLS  APPEARING  IN  TEXT* 


S—  machinery  production  cost  in  rub/unit; 

^azp—  (Sun)  cost  of  producing  a  unit  or  assembly  in  rub/unit; 

—  cost  of  producing  a  part,  in  rubles  per  unit; 

^^ex—  shop  production  cost,  in  rubles  per  unit; 

^aae—  CSpi)  plant  production  cost  in  rubles  per  unit; 

^cp—'  average  branch  production  cost,  in  rubles  per  unit; 

specific  cost  of  production  in  rubles  per  ton,  rubles  per  kg; 

5^  _  specific  production  cost  in  rubles  per  kw,  rubles  per  bp; 

S„p  —  maximum  production  cost,  rubles  per  unit; 

■SsK--  (Sgk)  specific  operating  costs  in  rubles  per  unit  of  productivity; 


So  —  relative  production  cost,  factor; 

<p  —  planned  profit  factor; 
p —  machinery  production  profitability; 

Pp  — profit,  rubles  per  unit; 

C— machinery  wholesale-release  price,  rubles  per  unit; 

Cfljp  —  wholesale-release  price  of  unit  or  assembly,  rubles  per  unit; 

Ca —  wholesale-release  price  of  part,  rubles  per  unit; 

—  wholesale-release  price  of  unit  or  assembly  obtained  by  cooperative 
manufacture,  rubles  per  unit; 

Cg  —  wholesale-release  price  of  parts  obtained  by  cooperative  manuf ac- 
”  ture,  rubles  per  unit; 

Cnip—  (Csm)  wholesale-release  price  of  purchased  item  or  semimanufacture. 


rubles  per  unit; 

Cy— specific  capital  investment,  rubles  per  unit  of  productivity; 


—maximum  wholesale-release  price,  rubles  per  unit; 
—machinery  productivity  in  units  of  productivity  per  year; 


*  Subscripts  H(n)  and  c  Co)  appearing  in  the  text  signify  respectively 
a  parameter  applying  to  a  newly-designed  machinery  item  and  to  a  base 
machinery  item  selected  as  object  for  comparative  analysis. 
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Eh—  (Eg)  branch  standard  economic  effectiveness  factor,  1/year; 

V  —  average  productive  assets  value,  rubles; 

G  —  calculated  machinery  weight,  in  kg,  t; 

~  (^n)  item  net  weight,  in  kg/unit,  t/unit; 

~  item  consumption  of  material,  in  kg/unit,  t/unit; 

N  —  machine  motor  output,  in  kw,  hp; 

M  —  expenditures  on  materials,  semimanufactures  and  purchased  items, 
rubles  per  unit; 

Mi  —  outlays  on  basic  materials,  rubles  per  unit; 

—  (mjj)  standard  consumption  of  basic  material  of  a  given  type  per 
unit  of  product,  in  kg/unit,  t/unit,  m/unit; 

"'y ~  expenditure  of  materials  per  unit  of  machinery  weight,  in  kg/kg,  t/t; 

"^0—  percentage  share  of  outlays  on  materials,  semimanufactures  and 
purchased  items  in  cost  of  production; 

“  factor  figuring  the  correlation  between  net  weight  and  consumption 
of  materials; 

n^oT—  standard  quantity  of  waste  sold  per  unit  of  output,  in  kg/unit, 
t/unit,  m/unit; 

kj —  factor  covering  transport- initial  processing  costs; 

_  average  cost  of  materials,  rub/kg,  rubles/t; 

c  —  wholesale-release  price  per  unit  of  basic  material,  in  rub/kg, 
rub/t,  rub/m; 

Cot wholesale-release  price  per  unit  of  waste,  in  rub/kg,  rub/t,  rub/m; 

L  —  basic  wages  of  production  workers,  rubles  per  unit; 


Cr  —  wage  rate,  rubles  per  norm-hour; 

^TC  -  average  wage  rate,  rubles  per  norm-hour; 

I  —  rate  per  operation,  rubles  per  unit; 

E,  ToSiii  (Ttot)  total  norm-set  labor  requirements  of  manufacture,  in  norm- 
hours  per  unit; 

Eazp—  (Tuji)  normed  labor  requirements  for  producing  a  unit  or  assembly, 
in  norm-hours  per  unit; 

Ed—  normed  labor  requirements  for  producing  a  part,  in  norm-hours  per 
unit; 

^yd  —  labor  requirements  per  unit  of  machinery  weight  in  norm-hours  per 
kg,  norm-hours  per  ton; 

tfum  —  unit  time  norm  per  operation,  in  minutes  per  unit; 

n,,  —  (nhr)  hourly  output  norm,  in  units  per  hour; 

a  —  percentage  of  supplementary  wages  and  social  insurance  contributions; 


_  shop  indirect  expenditures  as  a  percentage  of  basic  wages  of 

production  workers  (or  of  total  basic  wages  of  production  workers 
and  estimated  rates) ; 


K2  —  general  plant  indirect  expenditures  as  a  percentage  of  basic  wages 

of  production  workers  (or  of  total  basic  wages  of  production  workers 
and  estimated  rates) ; 

Ki  —  nonproduction  expenditures  as  a  percentage  of  plant  production  cost; 

hgaa—  expenditures  per  machine-hour  of  base  machine  tool  operation,  in 
rubles  per  hour; 

kc.«  —  estimated  rate,  in  rubles  per  unit; 

~ —  expenditures  on  operation  and  maintenance  of  tools  and  dies,  in 

-  rubles  per  unit; 
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P  —  expenditures  on  operation  and  maintenance  of  accessory  devices,  rub/unit 
^  ~  expenditures  on  process  electricity,  rubles  per  unit; 

^  “  expenditures  on  minor  repairs,  rubles  per  unit; 

~  annual  standard  depreciation  allowance  to  full  replacement  of  fixed 

„  assets; 

“  annual  standard  depreciation  allowance  to  major  overhaul; 

A  —  depreciation  allowance  on  equipment,  rubles  per  unit; 

Anj,  —  (Agr)  depreciation  allowance  on  production  areas,  rubles  per  unit; 

effective  equipment  operation  time  fund,  hours  per  year; 

(A  _  factor  taking  into  account  expenditures  on  general  assembly; 

^ ^o^  —  (Nyear)  production  scale,  units  per  year,  thousand  units  per  year; (Nyr) 
0—  production  run  factor; 

Vr  ~  variable  (proportional)  expenditures; 

—  fixed-constant  expenditures; 
y  ~  dependent  parameter; 

~  parameter -argument; 

”  ~  number  of  parameters  considered; 
o,  b  —  constant  correlation  equation  factors; 

^  ~  correlation  equation  factors  in  standardized  scale; 

r  —  correlation  factor; 
g  —  root-mean-square  deviation; 

—  kb 

nr  -  ng 

kyH  -  kst 

kai  —  kii 

Ilu  —  ^d 

Subscripts: 

H  —  n 
c  —  o 
LUT  —  un 
3(})  —  ef 
Mam  —  mach 
3/t  —  el 

c;i  —  CO 

3  —  e 
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